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In nature plants rarely grow isolated from one another. Individ- 
uals of a species are usually grouped into populations, and popula- 
tions of different species may be intermingled. The mixture varies 
from habitat to habitat. Some of the plants are more successful 
than others, as indicated by their behaviour, size or number. The 
characteristics of the species, which differ according to the genetic 
pattern and physiology, determine not only the kinds of habitats 
it can occupy but also the kinds of interrelations it forms with other 
species. An attempt is made is this paper to present these charac- 





606 THE BOTANICAL REVIEW 


teristics in the form of principles, using facts and generalizations 
from the literature to illustrate and support them. A complete 
review of the literature has not been possible because of the large 
number of publications in ecology, taxonomy, genetics and phy- 
siology that deal in one way or another with this subject. 


BASIC PRINCIPLES 
The characteristics of species that are of importance in the 
formation of groups may be arranged in three classes of principles: 
A. Relations of species to the physical environment; B. Relations 
between individuals of the same or/and different species; C. Eco- 
logical success (Hanson, 1957; Dansereau, 1952). 


Relation of Species to the Physical Environment 

This category includes three principles. A comprehensive an- 
alysis of the environment of plants has been made by Billings 
(1952). This includes five main classes: climate, parent’ material, 
organisms, relief and time; and in places fire is important. 

1. Every species has certain essential requirements, such as 
water and mineral nutrients, which must be available in the 
habitat in at least minimal quantity, or the plant cannot grow. 
According to Billings (1950), Artemisia tridentata and its com- 
mon associates are practically never found in soils developed from 
altered volcanic rocks in the western part of the Great Basin in 
the United States. Apparently these plants are unable to secure 
some essential requirements because analysis showed that the soils 
are quite acid and very deficient in exchangeable bases, phos- 
phorus and nitrogen, as compared to soils from unaltered rocks of 
the same type in which the plants grow. Pinus ponderosa, P. 
jeffreyi and some herbaceous montane plants are able to grow in 
the mineral-deficient soils, even though the precipitation is consid- 
erably less than in the pine forests of the Sierra Nevada some 
distance to the west. Other anomolies of soil conditions with cli- 
matic conditions occur, with consequent effects upon the species 
present, such as the infertile, acidic soils in places in arid parts of 
Southwest Africa caused probably by leaching under greater pre- 
cipitation in an earlier period (Walter and Volk, 1954). 

Much research has been done on the requirements for flowering 
of many perennial grasses with respect to length of day, tempera- 
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ture and soil fertility. For example, northern strains of smooth 
bromegrass appear able to flower under a fairly wide range of 
temperature and soil fertility when the day length is 18 hours, but 
southern strains seem to need greater fertility and higher tempera- 
ture for optimum flowering (Hanson and Carnahan, 1956). 
Species differ in capacity to withstand fire. Perennial grasses usually 
have greater resistance than many kinds of shrubs and trees. 
Quercus macrocarpa and many species of Pinus are more resistant 
than the thin-barked Fagus grandifolia. 

2. Every species possesses a characteristic potentiality for 
growth, or existence, within a certain range of environmental con- 
ditions. This has been called the ecological amplitude of a species. 
Good (1953:369) included this concept in his Theory of Toler- 
ance and Principle of Limiting Factors, which states that plant 
distribution is controlled primarily by climatic and secondarily by 
edaphic factors; that plant functions are limited by definite ranges 
of intensity for particular climatic, edaphic and biotic factors; at 
times in the life cycle some phase of development has a narrow 
range of tolerance for a particular factor; and perpetuation of the 
species is dependent upon its ability to vary, to transmit favorable 
variations and to migrate. This theory has been discussed by Dan- 
screau (1956A:159) and others. There is considerable similarity 
to Shelford’s Law of Toleration (Shelford, 1911) which is applied 
to distribution and abundance of animals by Andrewartha and 
Birch (1954). The importance of tolerance, or ecological ampli- 
tude, is indicated by the following quotation from Good (1953:- 
365): “Indeed it may well be that the measure of individual varia- 
tion in tolerance has become, in the course of ages, generally 
attuned to the amplitude of environmental fluctuation and its dis- 
tribution over the different portions of the world’s surface as a 
whole”. 

The greater the diversity of genes in a population, the greater 
is the diversity in environment that can be tolerated (Mason, 
1947; Dobzhansky, 1955). Dempster (1955) indicates that a 
remarkable genetic diversity exists in both natural and domestic 
populations, and there are numerous ways in which diversity may 
be maintained. Very different phenotypes may be produced from 
the same genotype under different environmental conditions (Hes- 
lop-Harrison, 1956; Sorensen, 1954). It is often difficult in the 
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field to determine whether differences in form or behaviour of 
the same species, especially when growing in different habitats, are 
phenotypic or genotypic, so experiments, especially transplanting, 
are called for (Clausen, Keck and Hiesey, 1945; Turesson, 1922; 
Cornelius, 1947; Larsen, 1947; MacMillan, 1956; Boatman, 1956; 
Pigott, 1956). Even after experimentation it is impossible to 
predict fully the responses of a certain genotype to various com- 
binations of environmental conditions because such large numbers 
of variables are involved (Heslop-Harrison, 1956). Both the range 
of ecological amplitude and the range of phenotypic expression are 
determined by the genotype. The wider these ranges are, the 
greater will be the number of kinds of habitats which a species can 
occupy. The less capacity a population has for phenotypic varia- 
tion, the more pronounced will be the effect of selection, and the 
result may weil be the development of a strain or ecotype which 
has a narrow ecological amplitude. Such highly specialized types 
must be regarded as terminal points in evolution, according to 
Sgrensen (1954). 

A restriction of population size which renders the breeding 
population small leads to a depletion of genes and loss in varia- 
bility, and less adaptability to new conditions (Dobzhansky, 1951; 
Dahl, 1955). Such a species, unless it occurs within the optimum 
range of its ecological amplitude, may encounter great difficulty 
in competition with other species. This may be the case with 
relicts. It appears that each species has an optimum ecological 
amplitude in which it grows best. This seems to apply also to the 
community (Allee et al, 1949:539). Because of the variation be- 
tween species in ecological amplitude for one or more environ- 
mental factors, the same habitat and food niche is not occupied by 
two species (Dice, 19 8), and competition is thus avoided or 
at least reduced. 

Beginning with Gaston Bonnier in 1884 (Heslop-Harrison, 
1956), most of the statements about ecological amplitude and 
requirements of native species have been based upon observation 
(Whittaker, 1956) and, to a less extent, on experimentation with 
plants growing in natural habitats. These have been supplemented 
by quantitative data on habitat factors, such as temperature, rela- 
tive humidity, soil moisture and soil reaction. Ecological and 
physiological amplitudes the latter determined by cultural experi- 
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ments, may not agree (Knapp, 1954). It is generally agreed that 
plants are the best measure of the environmental factor complex. 
Shantz and Piemeisel (1924) concluded that the absence of yuccas, 
cacti and other succulents from the hotter desert regions in south- 
western United States was caused more by the unfavorable dis- 
tribution of rainfall and long drought periods than by temperature 
conditions. The relationship of plants to the environment is often 
more sensitive or decisive at one stage of development than at 
another. Juhren et al (1956) report that each species of desert 
annuals in California has definite and rather narrow limits of 
amplitude for amount and duration of precipitation and tempera- 
ture while the soil is wet. On this basis these plants can be segre- 
gated into winter and summer germinators. 

Much additional research is needed before the ranges of species 
in ecological amplitude can be stated with a fair degree of preci- 
sion. The difficulties of unravelling the complex interrelations of 
plant processes to one another and to the environmental influences, 
singly and in combination, have led to the use of many species 
singly. as well as in communities, as indicators of the environ- 
mental complex (Clements, 1920; Shantz and Piemeisel, 1924; 
Goodall, 1953A; Whittaker, 1954; Rowe, 1956). One example 
may be given. In the Mediterranean region the Salicornia macro- 
stachya-Arthrocnemum glaucum association indicates a high con- 
tent of chlorides in the soil, more than 10 per cent in summer. 
Other associations indicate less, such as Salicornia fruticosa about 
10 per cent, Jnula crithmoides about 5 per cent, Trifolium mariti- 
mum so low in salt that the area occupied can be used for growing 
alfalfa (Braun-Blanquet, 1952). The community, however, must 
be used with caution, for, as Ehrendorfer (1954) emphasizes. the 
sum of both past and present influences is reflected in the com- 
plexity—composition, structure, ecologic and physiologic relations 
—of associated species. 

The ecological amplitude of a species is important in determin- 
ing its presence in various kinds of habitats. If the amplitude is 
narrow it will be restricted to one or a few kinds of habitats or to 
a small section of a gradient (high fidelity), as, for example. 
Acer spicatum and Amelanchier laevis in the Great Smoky Moun- 
tains, Typha latifolia, Glyceria borealis and Puccinellia maritima. 
The range of amplitude seems narrow in some species, such as 
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Distichlis spicata, a dominant in many saline soil areas, but does 
occur also in non-saline soil where competition with other species, 
especially Agropyron smithii, is not severe. Plants growing within 
the optimum range of ecological amplitude of the species seem to 
be in best vigor and to occur in greatest numbers (Rowe, 1956: 
465), but even here competition with other species may reduce 
the growth and numbers. Usually a species would possess maxi- 
mum competitive power when it is growing in a habitat which is 
within its optimum range of ecological amplitude. Some species, 
e.g., Bouteloua gracilis, respond quickly to favorable or unfavor- 
able conditions (Turner and Klipple, 1952). This ability is of 
particular value in enabling B. gracilis to become a leading domi- 
nant in such a variable environment as the central Great Plains. 
The dormancy of seeds or of vegetative organs enables some 
species to survive periods of freezing or excessive drouth. Accord- 
ing to Andrewartha and Birch (1954:131), the optimum range of 
temperature of animals is called the “preferred temperature” or 
“temperature preferendum”. 

The influence, or reactions, of one or more species upon the 
habitat may produce conditions of optimum ecological amplitude 
for the same or for other species. The reactions, however, may 
change conditions so that the limits of ecological amplitude are 
reached for the species causing the reactions, but the conditions 
have become more favorable for invading species. Cattail, for 
example, when it first invades a lake, improves the habitat for 
itself; but later, as the occupied area becomes soil, the habitat is 
more suitable for invaders. Cycles of such changes may occur, 
as described by Watt (1947). Festuca ovina invades stony areas 
and improves the soil. As hummocks increase in height, the fescue 
loses vigor, lichens invade, erosion follows, resulting in a stony 
surface again. A building phase is followed by a degenerative 
phase, forming a cycle. The reactions of the plants in the different 
phases change the environmental conditions for species in each 
phase from poor to good and then poor again. Apparently differ- 
ences in ecological amplitude between species make the cycle 
possible. Influences of plants upon the environment are discussed 
in considerable detail by Knapp (1954) and Kittredge (1948). 

Species of wide ecological amplitude (Acer rubrum, Quercus 
borealis, Bouteloua gracilis, Andropogon scoparius) occur in 
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various habitats, in part at least, because of the existence of 
different kinds of ecotypes (Whittaker, 1956; McMillan, 1956, 
1956A; Stebbins, 1956; Cornelius, 1947; Larsen, 1947; Hubbard, 
1947). Bouteloua gracilis has diploid forms (20 chromosomes ) 
and polyploid forms (40, 60 chromosomes), the latter apparently 
more abundant at higher elevations. (Hanson and Carnahan, 
1956). According to Ward (1953), diploid races of Artemisia 
tridentata occur at high altitudes, and both diploid and tetraploid 
races at low altitudes in the Great Basin and Rocky Mountains. 
There are also hybrids with A. cana and A. spiciformis. A species 
may be represented by numerous individuals in several habitats, 
but sparsely in others where the conditions are near the limits of 
tolerance, or because of the presence of vigorous competitors 
where the habitat conditions are well within the range of amplitude. 
According to Braun (1956), a species may have wider ecological 
amplitude in one region than in another, as for example, Castanea 
dentata and other species which occur in a greater variety of 
habitats in the Cumberland Mountains and the Cumberland Plateau 
than in the Great Smoky Mountains. 

3. Every species has a certain capacity or efficiency in utilizing 
the available resources of the habitat in which it occurs. This 
capacity is the result of its genetic potential, effectiveness of phys- 
iological processes, and often the growth-form (Whitehead, 1954, 
1956). Many annual species have greater capacity than perennials 
for growth on depleted sites in early stages of secondary succession, 
perhaps because of wide ecological amplitude and small require- 
ments for some substances. As a rule, species in early stages make 
less use of the resources than those in later stages (Dansereau, 
1956, 1956A). In primary succession, however, Gorham (1955) 
concluded that species of high requirements and low tolerances 
may be more abundant in early stages than in the climax, as in 
northern Britain where postglacial soil became poorer in time, 
depleted of plant nutrients and impeded in drainage. 

Considerable variation prevails between species in capacity to 
utilize resources of the habitat. In a range area at the base of 
the foothills in northern Colorado, Hanson et al (1931) found 
that Stipa viridula and Agropyron smithii renewed spring growth 
earlier than Bouteloua gracilis, Buchloe dactyloides and Aristida 
longiseta. Vegetative growth of these species is usually completed 
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by the latter part of June when the available soil moisture is 
exhausted. Buchloe and Bouteloua renew growth readily later in 
the summer if moisture becomes available from showers, but 
Agropyron and Stipa do not seem capable of growing as well at 
the higher temperatures. Similarly, in western North Dakota the 
most efficient species, Agropyron smithii, Stipa comata, Carex 
spp. and Bouteloua gracilis, produce over 90 per cent of vegetative 
growth by the end of July, at the time when the available soil 
moisture is nearly exhausted (Whitman, 1956). 

Within a certain kind of habitat the individuals of a species 
show variations with respect to minimum requirements for water, 
etc., to range of ecological amplitude and to efficiency in utilizing 
the available resources. A group of individuals having the same 
genotype is a biotype, and a cluster of biotypes selected from the 
general species population because of their special fitness for a 
particular habitat is an ecotype (Heslop-Harrison, 1956). The 
number and kinds of biotypes vary with the species and the kind 
of habitats occupied. The relationship of an ecotype to conditions 
of the habitat is apparently close, as indicated by the transplant 
experiments of Clausen, Keck and Hiesey (1945). As long as 
the habitat remains within a certain range of fluctuation of condi- 
tions, it is likely that one kind of ecotype will prevail. Conversely, 
when the habitat changes, it can be expected that a sorting of 
biotypes will lead to an increase of the better adapted ones at 
the expense of others, resulting in time in a new ecotype (Hanson 
and Carnahan, 1956). According to Heslop-Harrison (1956:49), 
“if ecotypes represent groups of biotypes selected from the gen- 
eral species population because of their capacity for growth in 
specific habitats, they should be capable of ‘polytopic’ origin: 
i.e., they should be differentiated out anew wherever the general 
species population migrates into an area where the differential se- 
lective habitat factors operate”. Differences between ecotypes may 
be manifested in the periods of flowering, such as those described 
by McMillan (1956B) in populations of Andropogon scoparius 
along a habitat gradient of increasing rainfall, increasing humidity, 
increased earliness of spring frost, later initiation of the dry season, 
and greater length of the wet season from western to eastern Ne- 
braska. Permanent quadrat records often reveal that some biotypes 
are more successful than others in vegetative propogation, such as 
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Scleropogon brevifolius in adobe soils in southern New Mexico 
(Campbell, 1931:1039). 

In order to hasten the production of seed of a new strain, it 
is often grown in a more favorable region than where it is to be 
used. The time in the better region should be limited to one or two 
seed generations so that natural selection will not modify the char- 
acteristics of the new strain (Hanson and Carnahan, 1956). A 
strain from northern Sweden, for example, after being grown in 
central Sweden for two or three generations showed increased 
susceptibility to frost and lower production of green forage when 
it was grown again in northern Sweden (Sylvén, 1937). According 
to Anderson (1949), habitat preferences of species are inherited 
in substantially the same fashion as any other character, so many 
hybrids are unlikely to survive in nature because suitable habitats 
are usually not available. 

Stebbins (1952, 1956) states that hybridization in grasses fol- 
lowed by doubling of chromosomes is one of the best processes 
in nature for evolving new types adapted to a variety of natural 
habitats. Parents which differ considerably in requirements and 
amplitude are likely to produce hybrids which possess broad 
adaptation. In artificial breeding it is important that both parents 
have ranges of requirements and amplitude which approach the 
environmental conditions of the area where the hybrid is to be 
used. Species adapted to the southwestern part of the Great Plains, 
where winters are cold and dry and the summers hot with frequent 
showers in late summer, are not adapted as parents of hybrids to 
be used in areas of California with cool, rainy winters and hot, 
dry summers (Clausen et al, 1945). 


Relations Between Individuals of the Same or/and Different Species 


The complexity in the interrelations of plants is caused by the 
number and variety of interactions between numerous individuals. 
The interactions change with the time of day and with the season. 
Some are favorable for growth and reproduction, some are un- 
favorable, and some appear to be inconsequential. Various terms 
and classifications have been used for these interrelations, such as 
symbiosis in a broad sense (McDougall, 1949; Dice, 1952), co- 
action (Weaver and Clements, 1938; Clements and Shelford 
1939) and types of reactions (Allee et al, 1949; Odum, 1953). 
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Most interrelations can be classified into two groups: disjunc- 
tive, in which the organisms of different species are not in actual 
contact or not in contact all the time; and conjunctive, in which 
the organisms are in close bodily contact, and if this is broken, one 
or the other may suffer. Under disjunctive relations may be listed 
association of species, pollination, dispersal of seeds and fruits, 
competition, and feeding and grazing. Conjunctive relations include 
parasitism; mutualism, such as alga and fungus in lichens, mycor- 
rhiza, and nitrogen-fixation bacteria in root tubercles; and com- 
mensalism, such as many lianas, vines and epiphytes, using other 
plants for support but not damaging them. 

Relations between species, with particular reference to their 
influence upon the formation of groups, may be stated as six 
kinds of principles. The disjunctive relations are: (a) species 
differ in competitive capacity, (b) species differ in capacity of 
association, (c) species differ in adaptability for pollination, pro- 
duction, dispersal and germination of seeds, and in vegetative 
propogation, and (d) species differ in capacity to withstand mow- 
ing, grazing or other uses. The conjunctive relations are (¢€) 
species differ in capacity of being parasitized or of acting as para- 
sites, and (f) species differ in capacity of carrying on mutualistic 
or commensal relations. 

1. Species differ in competitive capacity, with consequent effects 
upon the success of species to form groups. Competition between 
plants of the same or of different species occurs when the resources 
of the habitat are insufficient to supply the needs of all the plants 
living in it. Perhaps, in a rigorous sense, “competition” is not the 
most precise term. When many plants are growing without precipi- 
tation or irrigation, the soil moisture is reduced to such a low 
amount that it is not sufficient for all the plants. Those with more 
roots, greater absorptive capacity or superior water economy may 
continue to live until moisture comes. The wilting and death of 
many plants are caused directly by insufficient soil moisture, 
not by any direct action of one plant upon another (Clements, 
Weaver and Hanson, 1929). When “competition” is used, it 
usually refers to the better growth of some plants as compared to 
others when some requirement is in short supply. The capacity to 
compete depends upon the requirements of the species, upon the 
range of ecological amplitude, and the efficiency in utilizing the 
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resources of the environment. Dansereau (1953:25) stated that 
it is the “resultant of accumulated capacities”. 

Competition probably occurs to some extent between individuals 
in all groups because the aggregated plants usually differ in form 
and stature as compared to those that are growing singly. Many 
qualities, both genotypic and phenotypic, influence competitive 
capacity. Some of these qualities are rate of growth, ability to 
produce tillers, tolerance of drouth or shade, annual or perennial 
habit, size and number of leaves and roots, and assortment of 
biotypes. The plants that are most efficient in using the limited 
resources will have the best chances of survival, but even under 
severe competition it is likely that some of the less efficient bio- 
types will survive, as in more favorable microhabitats. 

It appears that usually the plants that are most similar, as within 
one species, are subject to the most severe competition. This may 
explain in part why plants associated in groups usually belong to 
different genera, although species within the same genus often 
show great differences—but these differences may be so great that 
they cannot live in the same habitat. In an analysis of 27 com- 
munities, Elton (1946) found that 86 per cent of the plant genera 
had only one species per genus. He postulates “that there is some 
ecological condition that buffers or cuts down the effectiveness of 
competition between species separated by generic characters” (p. 
65). Elton’s quotation from Darwin’s Origin of Species is perti- 
nent: “As species of the same genus have usually, though by no 
means unvariably, some similarity in habits and constitution, and 
always in structure, the struggle will generally be more severe be- 
tween species of the same genus, when they come into competition 
with each other, than between species of distinct genera”. 

A species seems to have greatest competitive capacity when it 
is growing within its optimum ecological amplitude. “Many detailed 
studies in plant distribution suggest strongly that within any range 
of tolerance as a whole there are minimum, optimum and maxi- 
mum conditions. Existence, in absence of competition, will be 
possible within the whole range, but the species will only be at 
its strongest in relation to competition and also to vigor, within 
certain optimum figures. It also seems certain that minute differ- 
ences in tolerance between species, such as are imperceptible 
to the ordinary human observer, may be quite critical and decisive 
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in determining the issue of competition. Conversely, very minute 
differences in external conditions may be vital to the plant” (Good, 
1953:364). 

It cannot be expected that determinations of ecological ampli- 
tude of plants grown in single or pure cultures will be the same 
under natural conditions because the presence of other species 
may change the amplitude considerably (Ellenberg, 1954). It is 
doubtful, however, that the amplitude changes. It is more likely 
that the supply of one or more of the requirements for each plant 
in a group is reduced or modified by the presence of other individ- 
uals. Kentucky bluegrass is often benefited by the presence of 
white clover because of the additional nitrogen provided by the 
clover. If, however, the clover grows too rankly, the bluegrass may 
not secure sufficient radiant energy or soil moisture. In any case, 
the testing of species for a mixed pasture necessitates growing it 
not only in single cultures, where it is subjected to intraspecific 
competition, but also in mixed cultures, where it is subjected to 
interspecific competition. 

Root systems of plants play a very important role in intensifying 
or in reducing competition. If the root systems of different species 
are in the same horizons, competition is often severe for limited 
supplies of soil moisture, nitrates and other resources. Bromus 
tectorum, a winter annual in many parts of the western United 
States, by its early growth in the spring and numerous roots in 
the surface soil, reduces the soil moisture to such a degree that 
slow-growing, spring-germinating or perennial plants are seriously 
retarded in establishment, growth or survival. Holmgren (1956) 
showed that only a few seedlings of the shrub, Purshia tridentata, 
are able to survive the competition of B. tectorum during the first 
summer. The P. tridentata seedlings are better able to compete with 
broad-leaved, summer annuals than with B. tectorum. Daubenmire 
(1940) reported that Agropyron spicatum and Artemisia tridentata 
compete severely in southern Idaho, while in central Washington 
they seem to be complementary instead of competitive. 

Seedlings of both grasses and forbs have difficulty in becoming 
established in grasslands that are in good condition, but do so 
readily in bare areas caused by drought or grazing (Costello and 
Turner, 1944). Plants with rhizomes may be able to spread be- 
cause the offshoots, while becoming established, can secure water 
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and nutrients from the deep-rooted parents. Plants with shallow 
root systems often avoid competition to a high degree with deep- 
rooted plants (Weaver and Clements, 1938). Some plants avoid 
much competition by growing entirely, or most vigorously, at 
different seasons, such as the winter annuals and summer annuals 
in desert areas of southwestern United States. Streptanthus ari- 
zonicus, for example, usually grows in the shade of larger plants 
and completes its life cycle within a few weeks in late winter, 
while Amaranthus palmeri thrives in August and September, both 
in sunlight and in partial shade (Shreve, 1923:267). 

Competition between forage plants may often be severe for soil 
moisture, nutrients and light. The competitive capacity of one 
species as compared to that of another may be controlled to some 
extent by various measures, such as application of fertilizer (kind, 
amount, time) and the intensity and time of mowing or grazing. 
Moderate grazing by sheep, eliminating many weedy forbs, gives 
the advantage to grasses that are less preferred. Heavy grazing by 
cattle gives some weeds better opportunity to grow. Sprague and 
Garber (1950) found that late removal of the first crop, nitrogen 
fertilization and higher mowing levels favored the growth of smooth 
bromegrass and orchardgrass and resulted in a decrease of clover. 

The possibly deleterious effects upon other plants of toxic ex- 
cretions, or the formation of such substances after the death of 
plant parts, continue to be considered a factor in the competitive 
capacity of a species. The plants affected by toxic substances may 
be rendered less efficient in utilizing the resources of the habitat 
and therefore less able to compete for limited supplies of moisture 
or nutrients. Selander (1950) suggests that the open and half-open 
communities of plants that are largely confined to mineral soil in 
Scandinavia, such as Sagina caespitosa, Braya linearis, Arenaria 
humifusa, Carex nardina and Draba spp., may be regarded as 
closed whenever they include grasses, because of the possible 
effect of root excretions of the grasses. 

2. Species differ in capacity of association, often called the 
“association of species” (Hanson, 1950:311). Elton (1946) points 
out the ability of species, mostly in different genera, to exist to- 
gether on an area while drawing upon a common pool of resources. 
Species of different life-form, such as bunch grasses and single- 
stalked plants, are very commonly associated. Various advantages 
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may result: shading by the larger plants, protection from wind 
or beating rain, protection from grazing under cacti or dense 
shrubs, and nutritional advantages as in grasses and clovers. An- 
derson and Metcalfe (1957) stated that lodging was reduced and 
seed yield increased when birdsfoot trefoil was grown in associa- 
tion with Kentucky bluegrass, orchardgrass or timothy than when 
grown alone. Tall orchardgrass and timothy tended to delay ma- 
turity of the trefoil, but with Kentucky bluegrass maturity was the 
same as in pure stands. After the first harvest year mixtures pro- 
duced slightly higher yields than the trefoil alone. The condensa- 
tion of atmospheric moisture by trees of various species close to 
the central California coast appears to provide suitable conditions 
for growth of certain orchids and seedlings of Douglas fir, Mon- 
terey cypress and eucalyptus (Oberlander, 1956). In arctic (Polu- 
nin, 1955) and alpine regions (Griggs, 1956) some species become 
established in the shelter of, or actually within, cushions of Silene 
acaulis, Arenaria obtusiloba and other species. This method of 
establishment appears to be important in the formation of plant 
groupings in these regions. The cause or possible advantage of 
association is often not well understood, as, for example, the fre- 
quent association of Diapensia lapponica and Vaccinium uligino- 
sum in Southwest Greenland (Boécher, 1954) or of Cassiope tetra- 
gona and V. uliginosum in northwestern Alaska (Hanson, 1953). 

Goodall (1953) states that positive correlation in the distribu- 
tion of species in an area indicates that certain habitats are more 
suitable for some species than for others (see page 66) or that 
one species makes conditions favorable for the occurrence of 
one or more other species. Many terms used in plant sociology, 
“including ‘association’ itself, reflect the fundamental place, often 
barely recognized, taken in the subject of interspecific correlation” 
(ibid. p. 43). He showed that certain groupings are related to 
topography: Dodonaea and Vittadinia groupings on ridges, Bassia 
and Cassia groupings in the valleys. Highly significant positive 
correlations in occurrence were found between a number of 
species such as Bassia uniflora-Zygophyllum apiculatum, and be- 
tween Cassia eremophila-Westringia rigida. 

Ovington (1956) shows that the kind of woodland species 
present in an area influences the species composition and the 
chemical composition of the associated ground flora. Under Alnus 
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incana the growth of Urtica dioica was luxuriant; under pine plan- 
tations bracken communities developed; under larch bramble was 
dominant. “The establishment of woodland conditions—has clearly 
had a profound effect on the chemical compositions of the asso- 
ciated vegetations. It is significant that the general tendency has 
been to increase the percentages of the various nutrients in the 
ground vegetations. This may be the result of the trees rooting at 
greater depths and redistributing the absorbed plant nutrients 
which are deposited on the soil surface by leaf fall” (ibid. p. 602). 
According to Whittaker (1956), the undergrowth composition in 
some stands changes with differences in the dominant growth- 
form of the trees, in other cases similar undergrowth appears under 
different growth-forms; so on the whole he concludes that the 
distribution of undergrowth species is not closely related to that 
of the dominant climax species. Some species, such as pines and 
birches, especially dominants in stands in early stages of succes- 
sion, may survive for many years, even as dominants, without 
being able to reproduce within the same site, but other species 
are capable of enduring the reactions of the dominants and finally 
replace them. Dansereau (1956A) called this the “loi de la persis- 
tance”, 

3. Species differ in adaptability for pollination, production, 
dispersal and germination of seeds, and in vegetative propagation. 
Wind-pollinated plants are dependent for success upon the produc- 
tion of an abundance of pollen, while insect-pollinated plants are 
dependent upon special structures, colors or fragrance (Weaver 
and Clements, 1938, Kugler, 1955; Clements and Long, 1923). 
Distance that the pollen is carried, the quantity produced, the 
length of time during which dispersal occurs, and the distance be- 
tween individuals of a species are important factors in pollination. 
These factors, differ greatly between species. Jones and Newell 
(1946) found in Nebraska that smooth bromegrass produced 
more pollen than crested wheatgrass, intermediate wheatgrass and 
switchgrass, and that most of the pollen of the bromegrass was 
disseminated five to fifteen rods. The average period of pollen 
dispersal per inflorescence varied from eight days in crested wheat- 
grass to 12 in switchgrass. It appears that grasses are usually 
pollinated by nearby plants. According to Grunder and Dermanis 
(1952), orchardgrass plants averaged 62.4 seeds per panicle when 
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the pollinating plants were within 1.5 yards, and 27.2 seeds per 
panicle at greater distances up to 11.5 yards. 

Strong winds and air currents can carry many kinds of pollen 
to great heights and distances (Wolfenbarger, 1946), but how 
much pollination is accomplished is a question. It has been shown 
that pollen of wind-pollinated species, such as trees and grasses, 
are carried to high altitudes and to considerable horizontal dis- 
tances. Separation by a few miles of such wind-pollinated trees as 
pines and oaks may not prevent cross-pollination, but separation 
of insect-pollinated trees by a few hundred yards may be very 
effective in preventing cross-pollination (Heslop-Harrison, 1956: 
71). Insect-pollination from a distance appears probable because 
of the presence of numerous insects of various species in the air 
on warm days up to several thousand feet in height (Johnson, 
1951). The many devices of plants and animals that facilitate or 
prevent cross-pollination and self-pollination will not be discussed, 
although they play a part in determining the capacity of a species. 
Wolfenbarger (1946) states that the pollen grains of plants in the 
pine family appear to be dispersed up to about 100 miles from the 
source, but the dispersal is limited in amount. Seeds are dispersed 
rarely beyond 300 feet. Pollen grains of cotton have been dispersed 
up to 4,200 feet, corn occasionally to 400 feet. Ridley (1930) 
gives much data on the distances to which seeds are dispersed. 
The greatest distance winged fruits and seeds may be carried by 
wind is 880 yards, but dust seed and plumed fruit and seed as 
much as 700 miles. The great frequency of natural hybrids in 
grasses, according to Stebbins (1952, 1956), is because numer- 
ous individuals of different species grow close together, large 
amounts of wind-borne pollen are produced, and the reproductive 
organs of different species are much alike. 

Gene recombinations occur in Mendelian populations (groups of 
interbreeding individuals sharing a common gene pool) but not 
in populations restricted to apomixis (Dobzhansky, 1955). The 
former situation, it appears, leads to greater variety and fluctua- 
tion in biotypes, the latter to less variety and more permanence 
of biotypes. Vivipary, a form of habitual vegetative reproduction, 
in which disseminules resembling vegetative buds replace florets, 
is frequent in the grass family, e.g., Poa bulbosa, Danthonia 
spicata and Festuca vivipara (Heslop-Harrison, 1956). Vivipary 
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and other forms of apomixis may be advantaseovs tu species 
growing under severe conditions where seed production is not 
successful. These forms of apomixis and self-pollination (which 
is not apomixis) lead in places to the formation and perpetuation 
of single biotypes, with a high degree of genetic homogeneity 
(“pure lines”) well adapted to particular habitats, but phenotypic 
variations will occur among individuals in a population because of 
small differences in habitat conditions, competition between in- 
dividuals, and other factors. If the biotypes possess a high degree 
of adaptedness, well and good, but the lack of genotypic variety 
in the biotypes, upon which environmental selection can operate, 
may result in less adaptation. This may be disastrous for the plants 
under those conditions. 

The Mendelian population is a more plastic system in adaptation 
than an asexual array of organisms, but species equipped with 
both sexual and asexual means may have some distinct advantages 
over species which have only one. The former are able to maintain 
the same genotype almost indefinitely in vegetatively propagating 
biotypes, and at the same time they can benefit from the forma- 
tion of new genotypes as a result of sexual reproduction. A striking 
example of this is found in the genus Rubus. Its complicated poly- 
morphism and its great powers of adaptation have led to wide- 
spread distribution in Australia and other countries (Haskell, 
1955). Vegetative propagation may be of great value to a species 
in maintaining a population under conditions adverse for seed 
formation. 

Limitation of pollination and seed dissemination to a small area 
may promote the formation of new ecotypes. This appears to follow 
from the conclusion of Ford (1955) that when a population is 
sub-divided into small isolated units, or partly isolated units, rapid 
evolution is favored because each group can then become adjusted 
to the particular habitat conditions instead of to the average condi- 
tions over a large area. Similar conditions exist in marginal popu- 
lations within the area of distribution of a species. It appears that 
marginal populations possess less heterozygosis than those in the 
central part of the distribution (Buzzati-Traverso, 1955). A high 
degree of heterozygosis often gives the population greater plasticity 
and in many cases leads to greater capacity to cope with variations 
in the environment (Mayr, 1955; Thoday, 1955; Whittaker, 1956). 
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Increases in numbers of individuals, accompanied by heightened 
variability, occurs during favorable environmental periods. The 
variability permits genes to be combined in new ways, and some 
of the new combinations may be of advantage to the organism, 
such as increased adaptability to less favorabie environmental! 
periods or to interrelations between plants and animals. Barriers 
between isolated groups may disappear, especially because of 
man’s activities, and the interbreeding between individuals of such 
groups may become an important source of genetic recombination 
(Carson, 1955), producing in places hybrid-swarm~ and introgres- 
sive hybridization (Anderson, 1949; Heslop-Harrison, 1956). 
These may lead to the submergence of small, isolated populations, 
for instance, Centaurea jacea by C. nigra in places in Great Britain 
(Heslop-Harrison, 1956), and the enrichment of one species by 
gene contributions from another species, such as Quercus velutina 
by Q. borealis in the Great Smoky Mountains (Whittaker, 1956). 
The crossing of two formerly separated species may result in a 
successful hybrid, as, for example, the crossing in Southampton 
Water, England, of the European Spartina stricta (2n—56) with 
the North American S. alterniflora (2n = 70) to form the fertile, 
vigorous S. townsendii (2n = 126) (Heslop-Harrison, 1956). 

Dispersal of seeds and other disseminules is accomplished in 
many ways. This is treated at length by many writers, includ- 
ing Ridley (1930), Miiller-Schneider (1955) and Wolfenbarger 
1946). Barriers, i.e., areas unfavorable for the growth of a species. 
are influential in forming limits to the distribution of species. Be- 
cause of such barriers species suited to some habitats may not have 
succeeded in migrating into them. Many species have been success- 
ful when introduced artificially into new areas, such as Russian 
thistle and many other weeds in the United States. The dispersal 
capacity of a species may be overrated, for there is no real evi- 
dence that plants possessing specialized mechanisms are more 
widely distributed than those without them (Good, 1953). Within 
a limited area, without important barriers, it appears true, as Dice 
(1952:200) points out, that “dispersal is a stabilizing influence 
that keeps several stands of each community uniform in composi- 
tion. Any unoccupied habitat suitable for a given species will quickly 
be reached by the individuals of that species in their dispersal 
movements. The result is that every part of each given type of 
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habitat will be quickly inhabited by essentially the same aggrega- 
tion of species of plants and animals”. 

Plants possessing seeds of various degrees of dormancy, such 
as many legumes and the desert guayule shrub, have advantages in 
survival of the species, especially under extreme conditions, and 
in germination at various seasons, some of which may be more 
favorable than others. The small numbers of seeds of the hybrid 
Merton Thornless Rubus germinate more rapidly than the large 
numbers of seeds produced by self-pollination (Haskell, 1955). 
Retention of viability for several years appears to be of special 
advantage in species which have little capacity to withstand com- 
petition, as in Minuartia stricta. This species occurs typically in 
bare areas in Scandinavia, the seeds remaining viable for at least 
five years (Pigott, 1956). 

Lynch (1955) concludes that one of the factors contributing to 
a stable ecotone of aspen woodland in relation to grassland in 
northwestern Montana is the poor seed crop of the aspen, caused 
probably by climatic conditions. Large mixed populations of an- 
nual species and invading perennials are dependent upon large 
supplies of seed and high rate of germination. The number of 
seeds per plant varies greatly between species (Stevens, 1957). 

According to Hafton (1956), tits (Parus spp., Sitta europaea) 
contribute in a high degree to the distribution in Norway of Ga- 
leopsis tetrahit, G. bifida and Juniperus communis by gathering 
and storing seeds. Gillham (1956) shows that gulls are important 
in the transport of seeds of cereals and weeds, the latter giving rise 
io communities on feeding grounds. A few of the weeds may spread 
appreciably from the point of introduction. Boatman (1956) re- 
ports that the rarity of Mercurialis perennis in Ireland is evidently 
the result of the absence or the extreme infrequency of any agent 
of dispersal. This species does not lack genetic variability, nor is 
there lack of suitable habitats in Ireland. It is aggressive and com- 
mon in Britain. 

The restricted distribution of the shrub, Calligonum comosum, 
to coarse sandy soils where the rainfall is low, in the Sahara and 
Negev, may be caused by the failure of its seeds to germinate in 
the light, at high temperatures, or even in close contact with 
water. Coarse sandy soil where the rainfall is low apparently pro- 
vides the conditions needed for germination in the field (Koller, 
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1956). The sensitivity of germination of seeds of grasses to various 
environmental conditions, including temperature, light, depth of 
planting, are well known. The capacity to produce root growth 
rapidly may spell success or failure of seedlings. Plummer (1943) 
attributes the success of Agropyron cristatum in producing stands 
in many areas largely to its ability to form greater total root length 
in the seedling stage as compared to less successful species such 
as Agropyron smithii, Festuca ovina and Stipa arida. An extensive 
root system, with consequent drouth tolerance, in alfalfa plants 
develops only when the seedlings are exposed to relatively high 
quantities of light (Gist and Mott, 1957). 

A number of species have the capacity to maintain or form new 
stands following fire, or other destructive influence, by the pro- 
tection of the seeds within the cones until after the fire, as in 
Pinus contorta; by invasion of disseminules of great: mobility, as 
Epilobium angustifolium; and by sprouting from crown, as 
in many grasses, Populus tremuloides and Purshia tridentata 
(Blaisdell and Mueggler, 1956). The mobility and high viability 
of the disseminules aid many species in forming pioneer plant 
groupings, such as cottonwoods and willows on sandbars of rivers, 
Russian thistle and other annual weeds in abandoned fields, 
birches in devastated forests, and Rubus spp. in burned-over forests 
(Cf. Weaver and Clements, 1938). 

4. Species differ in capacity to withstand mowing, grazing or 
other uses. The ecological success of species in grasslands de- 
pends not only upon their success in coping with the physical en- 
vironment and associated species, but also upon their capacity 
to endure various intensities of grazing, mowing or other use, or 
modification of the habitat. Because of the long period of adapta- 
tion of grassland species in the Great Plains to both adverse 
physical conditions and to grazing, the resulting grassland types 
are some of the most durable of any occurring today. Stands in 
the northern Great Plains, comprising such species as Agropyron 
smithii, Stipa comata, Bouteloua gracilis and Carex spp., are 
capable of enduring prolonged drouth, severe infestations of 
grasshoppers, and much overgrazing. 

Generally, grasses withstand grazing, trampling or mowing bet- 
ter than forbs. Grasses differ among themselves; those with rhi- 
zomes Or runners, numerous basal leaves and capacity for rapid 
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synthesis and storage of carbohydrates usually possess greatest 
resistance (Hanson and Carnahan, 1956). According to Baker 
(1956), it seems to be necessary that the luxuriant growth of 
perennial ryegrass during late summer and afterwards be utilized 
in order to avoid damage to the plants during winter. The ex- 
cessive growth tends to produce elevated plant crowns and an 
inhibition of tillering, both causing the plants to be more suscept- 
ible to frost. Plants with growing points above the ground are more 
susceptible to damage by freezing, dessication and grazing. Im- 
portant variations in growth form or behaviour exist within many 
species. At least 12 main forms of orchardgrass, varying from hay 
to pasture types, were described by Stapledon (1931). Form S-48 
of timothy was recommended for grazing or mowing because of 
its lateness in flowering as compared to other forms (ibid. 1947). 

Each kind of animal feeding on piants has preferences for cer- 
tain species. Some feed on a variety, others on only a few or one 
kind. Sheep usually prefer broad-leaved herbs (forbs) and tender 
parts of grasses; cattle and horses prefer usually grasses; deer and 
moose browse many kinds of shrubs and young trees. These dif- 
ferences are caused by structural adaptations, requirements and 
habits of the animals and partly by the palatability of the plants. 
In range management the word “palatability” has been widely used 
to mean the percentage of the plant that is grazed under proper 
management rather than the acceptability of the plant, or prefer- 
ence, by the animal. The latter, original meaning should be re- 
tained in order to avoid confusion. A more exact expression, such 
as “percentage of use”, may be applied in the first sense. Differ- 
ences in palatability occur not only between species but also be- 
tween strains of a species (Hanson and Carnahan, 1956). 

Some causes of differences in palatability of plants are succu- 
lence, food content (sugar, protein, starch, vitamin A, fat), fiber 
and ash content, disease incidence of the plants, stage of maturity, 
relative proportion of a species in the stand, familiarity of the 
animal with the plant, degree of hunger or desire of the animal for 
a particular kind of plant, and availability of the plant. Under 
close grazing a cow may graze poisonous plants which remain 
untouched under moderate grazing. A very palatable species may 
be eliminated from a stand because of severe grazing and may not 
be able to reestablish itself, but other less palatable species are 
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thus given opportunity to invade. Examples of this are grasses 
being replaced by annual weeds in prairie dog towns, mixed 
grasses by buffalograss under heavy grazing by cattle in the 
northern Great Plains and by mesquite in semidesert grassland 
(Glendenning and Paulsen, 1955). Overgrazing may reduce com- 
petition to such an extent that species near the limits of their 
geographic range can become dominant. This occurs in swales in 
places in the northern Great Plains where the taller grasses have 
been replaced by buffalograss. Severe overgrazing in the Wasatch 
Plateau in Utah results in the displacement of herbs and shrubs 
by a sparse stand of species capable of growing on erosion pave- 
ment. Some of these are Festuca ovina, Poa spp. Sedum stenopet- 
alum, Erigeron compositus and Townsendia montana (Ellison, 
1954). It appears probable that populations of plants have a high 
degree of specificity for various degrees (duration, intensity) of 
overgrazing in relation to the soil conditions. This specificity ap- 
pears to occur also in various stages on abandoned farm land. 
Piemeisel (1951) noted thai in Idaho populations of Russian 
thistle, mustards and downy chess have an optimal arrangement 
as to the time that each appears and the space that each covers. 

A highly preferred species which occurs sparsely is most sus- 
ceptible to elimination from a stand by continuous severe grazing 
by livestock or game animals such as deer (Dasmann, 1948). In 
northwestern Montana elk, sheep, porcupine and snowshoe rab- 
bits contribute to the stabilization of forest-grassland ecotones by 
browsing and by gnawing the bark, preferring young aspens 
(Lynch, 1955). In the Front Range in central Colorado Johnson 
(1956) found that under close grazing the bunches of certain 
grasses, such as Muhlenbergia montana, tend to break up into a 
number of smaller plants, forming a sodlike appearance, while 
bunches of other species such as Festuca arizonica, are more re- 
sistant to disintegration. In both species plant vigor is decreased 
and replacement by Bouteloua gracilis takes place, accompanied 
by decreased forage yields. In eastern Montana Reed and Peterson 
(ms.) found that heavy grazing causes clumps of B. gracilis to 
break down into smaller, closerspaced tufts, and plants of Stipa 
comata became reduced in size and more decumbent with fewer 
stems and finer, shorter leaves. The capacity of grasses to endure 
defoliation by grazing or mowing, according to Neiland and Curtis 
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(1956), is related to (a) production of rhizomes per plant, (b) 
production of lateral shoots on non-defoliated plants, (c) short 
and decumbent growth habit, (d) lateness of seed germination and 
growth, (e) slow growth rate, (f) high fertile: sterile stem ratio, 
and (g) retarded elevation of the stem apex above the lowest level 
of grazing. 

Some forage grasses, including perennial ryegrass, Kentucky 
bluegrass and orchardgrass, have been grown for many years, 
especially in England, under various conditions. Some stands have 
been grazed, others not grazed; mowed and not mowed, in moist 
or dry soil of high or low fertility. Selection has resulted in the 
development of ecotypes suited to these different habitats. Pasture 
ecotypes are earlier in maturity and more decumbent than the 
mowed meadow types (Jones, 1956). The latter tend to disappear 
when subjected to grazing, the former are likely to disappear when 
the stand is mowed. Severe grazing favors survival of low growing 
biotypes. In this adaptation to specific habitats the ecological am- 
plitude, at least for some conditions, of the population becomes 
narrower. Alteration of the habitats in this and other ways may 
bring about the survival of certain ecotypes which might otherwise 
not survive. (cf. Anderson, 1948, 1949). Man, therefore, by his 
manipulations of the soil water content by drainage or irrigation, 
by controlling the intensity and time of grazing or mowing, and 
by fertilizetion can exercise considerable influence over the eco- 
logical success of species. These manipulations change the environ- 
mental conditions so that the needs of some species may be 
satisfied more adequately, and consequently they become more 
vigorous and stronger competitors. Other species may not be able 
to grow at all because their range of ecological amplitude has been 
surpassed. In some areas the management of environmental condi- 
tions may be of greater importance than the course of nature in 
determining the success or failure of species. This is particularly 
true in central European grasslands (Ellenberg, 1950, 1952, 
1954A) and in many other grasslands. Much remains to be learned 
about methods of influencing the success of some species and the 
weakening or elimination of others by understanding their require- 
ments and by use of proper management of decisive environmental 
conditions. 

According to Allred (1941), grasses have great capacity to 
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survive the combined effects of drought and grasshopper infesta- 
tion, as occurred in 1936 in the Little Powder River drainage 
area in northeastern Wyoming and southeastern Montana. Most 
species of grasshoppers show selectivity in plants for food, some 
feeding only on grasses, some only on forbs and/or shrubs, and 
others on both grasses and broad-leaved plants. In Montana cer- 
tain species feed mainly on Bouteloua gracilis, others on Agropyron 
smithii or Stipa comata. The height, density, growth form and 
succulence of the plants influence the selectivity of the grasshopper 
species. Different species of plants, therefore, are affected accord- 
ing to the kinds and abundance of grasshoppers present in an 
area. Agropyron smithii may be seriously attacked in some years 
and in some places, while other species are much less affected. 
Some species, including Schedonnardus paniculatus, Munroa squar- 
rosa and Bromus tectorum, are attacked by fewer species than 
important forage species as those named above. (Anderson and 
Wright, 1952). The requirements of grasshoppers and locusts often 
vary according to the stage in the life-cycle. The needs of the 
nymphs, fledglings, young adults and egg-laying adults of the red 
locust in East Africa are realized in mosaic vegetation, in which 
low grass, tall grass and bare soil alternate. This is the character- 
istic mosaic of habitats that is found in all outbreak areas (Back- 
lund, 1955). 

Weedy species are often preferred by some kinds of insects. 
The beet leafhopper, which transmits the curly top virus disease 
to sugar beets and other crops, prefers weeds, particularly Russian 
thistle and mustards on recently abandoned fields and overgrazed 
ranges in western United States. Plants in later stages of succession, 
Bromus tectorum and perennial species, are not suitable hosts. 
Destruction of the first weed invaders by the insect may thus favor 
the establishment and growth of the more permanent species 
(Piemeisel, 1954). 

5. Species differ in capacity of being parasitized or acting as 
parasites. Species of plants vary in susceptibility to kinds and 
numbers of parasites and in the effects produced by them. These 
variations are caused by differences in resistance of the hosts, 
degree of virulence of the parasites, and environmental conditions. 
The chestnut blight is an outstanding example of a high degree of 
virulence of a parasite in a non-resistant host, resulting in the 
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virtual elimination of the chestnut in the deciduous forests of 
eastern North America. In grasses the most widespread pathogens 
invade leaves, including rusts. Other important diseases are root 
and crown rots, head and leaf smuts, ergot and other seed disorders, 
and preemergence rots (Hanson and Carnahan, ]956). Common 
insect parasites on grasses are the spittlebug in humid regions, 
mites in the Pacific Northwest, and thrips, chinch bugs, grass- 
hoppers and white grubs. 

Some of the effects of parasites are the reduction in vigor and 
consequent loss of capacity for competition, loss in range of am- 
plitude, loss in capacity to use the resources of the environment, 
and decreased yields of herbage and seed. Association of species 
or kind of treatment may influence the degree of parasitism. Carter 
and Ahlgren (1951) found that when plants of smooth brome- 
grass and alfalfa were associated the spread of Pseudomonas 
coronafaciens var. atropurpurea on the latter was less rapid. Hardi- 
son (1953) stated that blind seed disease on ryegrass in Oregon 
can be effectively controlled by deep and early plowing, stubble 
burning, seed inspection and other good agronomic measures. Smut 
and ergot are widespread on various species, causing much destruc- 
tion of seeds. Dallisgrass, an important species in Georgia, dies 
when it is not mowed, evidently because of the effects of foliage 
diseases and because when it heads the vitality is reduced. Vasey- 
grass, however, soon dies when mowed or grazed close to the 
ground (Hanson and Carnahan, 1956). 

A scale insect on Rhodesgrass in southeast Texas has reduced 
the longevity of stands to about three years, whereas before 1940 
they lasted six to ten years (Riherd and Chada, 1952). Lynch 
(1955) reported that insects attacking Populus, including wood- 
boring larvae of the beetle Saperda and the defoliating beetle, 
(Phytodecta americana), and the wood-rotting fungus, (Fomes 
ignarius) are factors in maintaining stable ecotones between grass- 
land and aspen groveland in northwestern Montana. In moist years 
in Kansas, as in 1940-1942, the prickly pear cactus is so heavily 
infested by insects that it may disappear from some communities, 
while in dry years it tends to increase (Timmons, 1941-1942). 

6. Species difler in capacity of carrying on mutualistic or com- 
mensal relations. In mutualistic relations it appears that both as- 
sociated organisms benefit, as, for example, N-fixation bacteria 
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and the leguminous or other plants with which the bacteria are 
associated. In commensal relations it seems that one of the species 
benefits while the other species is not injured, either not at all or 
only insignificantly, such as lichens growing on the bark of a tree. 
Cooke (1956), however, in a review of Garrett’s book on the 
biology of root-infecting fungi (1956), considers at least some 
cases of mutualism (“symbiosis”), such as ectotrophic mycor- 
rhizal fungi, as the most successful kind of parasites, for there is 
no destruction of host tissues. Hypertrophy may be induced, how- 
ever. “Primitive parasites” are restricted by the resistance of the 
host tissue, but they destroy seedlings and juvenile tissues. “Less 
primitive parasites” are less restricted and cause rapid and more 
widespread destruction of host tissues. “Specialized parasites” 
possess some degree of temporary symbiosis with the host and 
cause reduced or delayed disorganization of host tissues. 

The highly interesting association of algae and coelenterates 
in corals has been described by Odum and Odum (1955) as fol- 
lows: “The evidence indicates that these skeletal algae, often 
considered ‘parasitic’ or ‘boring’ by previous workers, may be 
actually mutualistic. The algal-coelenterate complex, therefore, 
comprises a highly integrated ecological unit (comparable to the 
algal-fungal complex of a lichen) which permits cyclic use and 
reuse of foods and nutrients necessary for vigorous coral growth 
in tropical ‘desert’ waters having a very low plankton content. 
The coral is thus conceived to be almost a whole ecological unit 
in itself with producer, herbivore (utilizing food from symbiotic 
algae), and carnivore (plankton feeding at night) aspects” (p. 
318). 

Ecological success 

The ecological success of a species or population depends upon 
its capacity to cope with its physical environment and with asso- 
ciated plants and animals in relationships outlined in the preceding 
principles. A few of the many examples (Sgrensen. 1941; Hub- 
bard, 1950; Hocker, 1956) will be described. 

An example of how the success of species is related to these 
interrelationships is taken from Selander (1950:50-52). In Swed- 
ish Lapland many alpine species, including Ranunculus nivalis, 
Salix herbacea, §. polaris, Sibbaldia procumbens and Saxifraga 
spp., grow on river banks, inundated lake shores, talus slopes, foot- 
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paths and old reindeer pens (Phippsia algida) in the conifer and 
birch zones. The environmental requirements of the alpine plants, 
which include non-podzolized, nutrient-rich soil, and exposure to 
sunlight can be supplied in such habitats even in these lower 
zones; but they cannot endure the “shaded, leached podzol soils 
with surface layers of highly acid litter and raw humus”. Signifi- 
cantly, Selander states, ““—the decisive factor is, probably, compe- 
tition—. In many cases high-alpine plants would seem to be 
restricted to the high altitudes mainly through their lack of com- 
petitive power. They can hold their own only on the summits, 
where, i.a., the growing season is so short that all plants are elimi- 
nated whose life cycle is not so extremely swift as that of high- 
alpine plants”. In the habitats named above competition from 
plants of the conifer and birch zones is largely absent. 

According to Conard (1954), species in some groups Am- 
mophiletum, Cakiletum, Salicornietum, Spartinetum are so closely 
adjusted to peculiar habitats that they must have been intimately 
associated for a very long time. They have been on exposed and 
protected seashores of the North Atlantic since the Miocene. Spe- 
cies in these groups may have such unusual ecological amplitudes, 
or such vigor in peculiar habitats, that other species cannot compete 
successfully with them. They seem to have developed a strong 
ability to resist invasion, a characteristic called the converse of 
“dynamogenetic ability” which is the ability of a species to ad- 
vance development of vegetation by succumbing to invasion by 
another species (Egler, 1954A:417). Similarly, at least some 
parts of northern Alaska were not glaciated during the Pleistocene 
(Hultén, 1937), so there has been a long time for plants to be- 
come associated. The dependence of the occurrence of certain rare 
species, such as Minwartia stricta and associates in the North 
Pennines in Great Britain, upon the maintenance of favorable 
habitats since the Late-glacial is described by Pigott (1956). 

Another example of how the ecological success of species is 
dependent upon their capacity to cope with the environment and 
associated species is the distribution of some arctic-alpine species 
in Scandinavia. In order for a species to survive in either of the 
two postulated refuge areas during the last glacial period, it would 
have needed environmental conditions suitable for its requirements 
and within its range of ecological amplitude (Hultén, 1950:104). 
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Of lesser importance, perhaps, were the relations with associated 
organisms. Temperature conditions following the retreat of the 
ice have been an important factor in the dispersal of species. 
Alpine plants which cannot persist in areas with a high summer 
temperature (25-27°C. average yearly maximum) apparently are 
limited to more northerly parts of Scandinavia. Species occurring 
in the refuge areas and which may have survived the last glacia- 
tion (“centric” species) possess little adaptation for rapid spread- 
ing. Other species which were able to migrate over considerable 
distances after the retreat of the ice must have good capacity for 
dispersal and wide ecological amplitude (Dahl, 1955). In north- 
ern Alaska the roots of various species, such as Arctagrostis 
latifolia and Eriophorum vaginatum var. spissum, can grow at soil 
temperatures of 32-35°F., this making it possible for them to 
follow within 0.5-1.5 cm. the melting of the permafrost. 

In order to evaluate the relative success of species it is desirable 
to use criteria which either can be measured quantitatively or 
can be estimated according to a scale. Commonly used criteria 


are numerical abundance, cover, frequency, constancy, fidelity, 
vitality, sociability and dominance (Braun-Blanquet, 1951; Han- 
son, 1950, 1957). The use of such criteria is based upon the 
principle that the presence, abundance and vigor of a species are 
closely related to habitat conditions because of its requirements, 
ecological amplitude, and the relations between species. 


GROUPING OF SPECIES 


It has long been recognized that certain kinds of plants are 
associated in certain kinds of habitats. Within a more or less lim- 
ited geographic area, very similar groupings of species occur in 
similar habitats (Dyksterhuis, 1949; Ellenberg, 1952). This phe- 
nomenon has been clearly stated by Tansley (1949:227) as fol- 
lows: “A plant grouping may be defined as any collection of plants 
growing together (of one species or of several or of many species) 
which has, on the whole, a certain unity. In the simplest case this 
unity is created in the first place by the fact that the plants in ques- 
tion exist together, that is in a common habitat, which has, so to 
speak, ‘selected’ the species which can flourish in or tolerate its 
conditions, and that the vegetation produced shows a certain uni- 
formity. But the mere fact that a number of organisms habitually 
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live in juxtaposition in itself creates interrelations between them; 
and in more complex communities, where the life forms of differ- 
ent members are so widely divergent, the members may develop 
considerable and intimate functional interrelations. Sonie of the 
members of the more complex communities could not exist in such 
communities in the absence of certain other members. Thus rela- 
tions of dominance and dependence, or of mutual interdependence 
often exist between different members of a plant community in 
addition to the dependence of all upon the general conditions of 
the habitat”. 

The area occupied by each kind of grouping depends chiefly 
upon the uniformity of the environmental conditions. As stated 
by Gleason (1936:446): “As widely in space as a uniform physi- 
cal environment and a uniform physiological interference [similar 
to relations between species] are maintained, just so widely will 
the vegetation remain similarly uniform, modified only by the 
factor of time, which is necessary to the attainment of uniform- 
ity”. “Uniformity, area, boundary, and duration are the essentials 
of a plant community” (Gleason, 1939:103). “A community is 
uniform, either in space or in time, only to a reasonable degree. 
This uniformity is sufficient to enable us to recognize the commu- 
nity and to accept it as a unit of vegetation—” (ibid: 104). 

Groupings are not identical, even within a limited area, but 
they resemble one another sufficiently and differ sufficiently from 
other groupings, so they may be classified together in one kind, 
type, or abstract community. While they are not “precisely alike, 
or have genetic or dynamic connection” (vide Gleason, 1939: 
107) the inclusion of such similar groupings or stands into one 
kind of community-type is most useful in the interpretation of 
relations between vegetation and environment, and as logical as 
many other kinds of classification. The similarity between them 
is not “superficial or accidental”, as stated by Gleason (1939: 
107), but, instead, is often profound, as indicated by the high 
degree of similarity in vegetation and environment, as compared to 
other groupings in the same geographic area (Vestal, 1914, 
1914A; Du Rietz, 1925; Hanson and Whitman, 1938; Allee et 
al, 1949:436-441; Hanson, 1955; Braun, 1956; Hanson, 1957). 
The similarities are based upon the basic principles as presented 
above. It is questionable whether “each community—is the product 
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of its own independent causative factors” (Gleason, 1939:107) 
because interelations between species in different stands do exist, 
such as pollination, seed dispersal, feeding of animals and spread 
of parasites. It is difficult to see how a plant community can be 
a wholly individualistic phenomenon. Dice (1952:410-424) pre- 
sents an illuminating chapter on the manifold relations between 
communities. It is significant that a stand can retain considerable 
individuality, although surrounded by other kinds of communities 

Abstract communities, or “association types”, are valid and 
definite to a high degree within a limited geographic area, and 
often also over a large geographic area, as shown by the work 
of Daubenmire (1952), Nordhagen (1943), Hanson (1953), 
Bocher (1954) and others. The gradual changing of groups, 
forming continua, which may be repeated in different areas, as the 
geographic area under study is enlarged, does not invalidate 
the classification of stands into abstract communities or types 
(vide Gleason, 1939:105; Whittaker, 1956:32), but instead 
seems to require the recognition of additional abstract types, 
separated one from another by arbitrary criteria as suggested by 
Webb (1954) and Whittaker (1956:31). Mendelian populations 
are recognized, although they are not necessarily discrete units, 
and often no sharp demarcation can be made between them; 
youth and old age exist but they cannot be sharply segregated 
(Dobzhansky, 1955:2). 

The relationship of species-grouping to habitat has been 
widely applied in choosing species for afforestation and for grass- 


establishment of other plants. 

Since habitats differ; and, since species differ in their require- 
ments, ecological amplitude and relations with other species, and 
also because some habitats and some species are similar, it is to 
be expected that groupings of different degrees of similarity will 
occur. Similarity in habitat is often indicated by similarity in 
physiognomy, life-forms and structure, although the specific com- 
position may differ. as, for example, biomes in the same biome- 
type (Allee et al, 1949:580). Various principles are concerned 
here, such as sensitivity of species of a similar life-form to small 
differences in environmental conditions, inability of species to cross 
barriers, and difficulties in competitive or adjustment capacities. 
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It is possible that species of different life-form, formerly isolated 
by geographic barriers, may succeed in new, closely similar habi- 
tats, as Eucalyptus spp., Acacia spp., Casuarina spp. and others, 
which form woodland in Australia, being able to persist in grass- 
land in California (Beadle, 1951). It appears questionable, how- 
ever, that Eucalyptus planted in California is steadily converting 
grassland into forest. Usually it appears that the species best 
adapted to the complex physical environment and to associated 
species of plants and animals are those that have developed close 
interrelations during the long period of evolution within the 
specific geographic area or ecosystem. As Beadle also states, even 
though climates may be similar in geographically separated areas, 
other factors affecting vegetation and soils are likely to be dis- 
similar. When introduced species of different life-form grow 
successfully in a community, such as crested wheatgrass in native 
grassland in Saskatchewan (Heinrichs and Bolton, 1950), or 
mesquite and cacti in grasslands in southwestern United States, 
or shortgrasses in mixed and tallgrass prairies in Nebraska during 
the 1930 decade, and possibly Eucalyptus in California, it appears 
that there have been changes in environmental conditions, such 
as those caused by excessive grazing, absence of fire, or drouth. 
Dissimilarity in habitats commonly results in differences in the 
life-form and structure of the vegetation, as illustrated by biomes 
in different biome types (Allee et al., 1949). This appears to be 
true also in bryophytic communities 1 “timingham and Robertson, 
1950). 

It may well be that the association of two or more populations 
in any One community results from coincidence (Gleason, 1939), 
“due, on the one hand, to events of history, and on the other, to 
the coincidence of tolerances {ecological amplitude} of the en- 
vironmental factors” (Mason, 1947:210); but there is no doubt 
that groupings of species show a high degree of influence of the 
habitat conditions. “The plant cover of a given area is not a matter 
of complete randomness with the area being occupied by the first 
species whose propagules are introduced. The ecological explana- 
tion of plant distribution is based primarily upon environmental 
factors” (Gates et al, 1956: 172). In southern New Mexico, ac- 
cording to Campbell (1931), the occurrence of species in each 
stage in succession is determined in large measure by the kind 
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of soil. The California annual grassland occurs in a wide variety 
of environmental conditions (Heady, 1956), and, notwithstanding 
the great changes from year to year, distinctive groups are found. 
The kind of soil seems to play an important part in determining 
the groupings within this extensive grassland (Biswell, 1956). In 
Many communities it appears that selection pressures within the 
whole community gradually produce a state of interaction and 
coordination between species and the physical environment (Allee 
et al., 1949: 695). This takes a long time, involving the genetic 
continuity of species within communities or ecosystems. 

According to Bray (1956), the major factors which determine 
the mutual occurrence of species in the same geographic area are 
(a) evolutionary and historic factors, (b)interaction of a species 
with the community as a whole and its external environment, 
involving ecological amplitude of the species, and (c) the inter- 
action of species with one another, including more or less “in- 
difference”, “repulsion” and “active attraction” (cf. Allee et al, 
1949:507-527). It appears that “active attraction” and “indiffer- 
ence” are included under the Principle, Association, in the present 
paper, and “repulsion” largely under the Principle, Competition. 
Three examples are taken from Bray. The amplitude curves of 
Desmodium glutinosum and Andropogon gerardi show a moderate 
amount of overlap, and within the overlap area they have negative 
association. Galium boreale and Coreopsis palmata, however, 
which also show a moderate degree of overlap, have positive 
association. Coreopsis palmata and Rosa arkansana with similar 
peaks and a high degree of overlap in amplitude are independently 
associated. Bray concludes that most of the species in the two 
oak-opening transitions, which were investigated, showed inde- 
pendent association. 

Some groups contains many species; other groups have few 
species. The number depends largely upon the overlapping ranges 
of amplitude and sufficient associative capacity to enable the 
species to live in a certain kind of habitat. One species may 
dominaie in a certain group, an associated species may dominate 
in another group (Gates et al., 1956). One kind of habitat will 
also have certain ranges in intensity and duration of environmental 
factors, and a certain range in the combination or integration of 
these factors. The associated plants respond by their species assort- 
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ment (association table) and by their vigor and growth more pre- 
cisely to these ranges than man can measure them. 

In a region where topographic changes in the landscape are 
frequent and fairly well pronounced, as in many hilly and moun- 
tainous sections, the vegetation at first glace appears chaotic. The 
heterogeneity seems to be “without rhyme are reason”. According 
to Braun-Blanquet (1952), the problem of individualizing and 
circumscribing groupings in the complex mosaic of the vegetation 
is an old one in phytosociology. Closer inspection, however, soon 
reveals that certain species are grouped together, at least in greater 
abundance, in some sites than in others. In many places abrupt 
transitions (ecotones) between different kinds of groups are com- 
mon (Lynch, 1955; Billings, 1950), in others gradual transitions 
forming continua are more common. In most regions it appears 
that both kinds of transitions occur. 


Whittaker (1956:43) formulated his conception of occurrence 
of species in relation to environmental conditions in the Great 
Smoky Mountains as follows: “Physical environment forms a 
complex pattern of gradients. At each point in this pattern, com- 
munities develop through succession; and as ‘community and soil 
develop and physical environment is modified, a successional 
gradient of community composition corresponds to a successional 
complex-gradient of environments. At the culmination of succes- 
sions, a complex climax vegetation pattern corresponds to the 
complex pattern of environmental gradients. In this pattern species 
populations distribute themselves individualistically. each main- 
taining itself where it can in relation to gradients which are, now, 
complex-gradients of environments in communities. Species dis- 
tributions mostly take the form of tapered curves; and the vegeta- 
tion itself forms a complex continuum of populations, in which 
local steepenings and interruptions of gradation occur”. 


Dansereau (1956A) has called attention to the effects caused 
by inequalities in the steepness of environmental gradients. When 
a species or group of species does not occur, or is very sparsely 
represented, because some irregularity “pinches out” a certain 
kind of habitat (analagous to irregular shortening of a telescope), 
he called the process “cornering” (“coincement”, “Verdrangung”). 
“Effusion” is the opposite situation, when a species or group occurs 
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over an extended part of the gradient because of the extension of 
a suitable habitat. 

A large portion of western North Dakota presents great hetero- 
geneity in its vegetation. This is described in some detail to serve 
as an example for this discussion. In order to unravel relation- 
ships between plant groupings and soil conditions in this region, 
Hanson and Whitman (1938) analyzed many stands and character- 
ized the habitats. The characteristics of frequency, abundance and 
herbage cover were used to measure the degree of success of species 
in most of the different kinds of habitats which varied in topog- 
raphy, soil conditions, wind and water erosion, and rate and depth 
of penetration of water. On the upland plateaus and gentle upland 
slopes with a fairly deep, dark, residual sandy-loam soil the chief 
dominants and constants were Bouteloua gracilis, Stipa comata, 
Carex filifolia, C. stenophylla, Agropyron smithii and Koeleria 
cristata. Stands of these species occurring in various sites were 
sufficiently similar so they were considered as one kind of com- 
munity, the grama-needlegrass-sedge type, probably occupying the 
most area in this region. Other groupings of species occurred in 
valley-fill deposits on long, gradual slopes of clay-loam soil with a 
shallow layer of dark soil; on steep slopes of clay-loam to loam 
with a shaliow layer of dark soil; sandy soil, etc. Species were 
grouped, as a result of this study, into nine main kinds of com- 
munities in sites which differed in topography, thickness of the 
surface layer of dark soil, depth at which calcium carbonate 
showed effervescence with HC1, alkalinity or acidity of the uppei 
horizons, total concentration of soluble salts, sodium and carbonate 
contents, soil texture and colloidal content. Many species possessed 
wide ecological amplitude, as indicated by their occurrence in dif- 
ferent sites, e.g., Bouteloua gracilis, Agropyron smithii, Stipa 
comata, Koeleria cristata, Chenopodium leptophyllum, Artemisia 
frigida and Gaura coccinea. The first three were much more suc- 
cessful ecologically than the rest, largely, it appears, because of 
superior competitive capacity. A few species apparently had narrow 
ecological amplitude, or had little capacity to utilize the resources 
of any of the habitats of this region. Two of these, Stipa spartea 
and Sporobolus heterolepis, are better adapted to conditions farther 
east, i.e., the prairies farther east provide an environment which 
is the optimum, or near it, in ecological amplitude. Andropogon 





FORMATION AND CLASSIFICATION OF COMMUNITIES 99 


gerardi found suitable conditions in only one restricted kind of 
habitat, namely, the lower parts of steep slopes with deep and 
moist loam or sandy loam soil. Here it was successful, with A. 
scoparius and Sporobolus heterolepis as characteristic associates. 
Puccinellia airoides, because of its tolerance of poor drainage and 
high content of soluble salts, utilized resources of low stream 
terraces where the conditions were outside the amplitude ranges 
of most species occurring in this region. Distichlis spicata was a 
common associate, but, probably because of greater competitive 
capacity, it grew also in association with Agropyron smithii and 
other species on better drained terraces. 

The number of species per community varied from about 20 to 
29 in the less favorable habitats to 41 to 86 in the more favor- 
able. In the first case many species were probably excluded because 
some factors were perhaps beyond their range of ecological am- 
plitude; in the latter case competition may have eliminated some 
species having little competitive capacity. Although grasses were 
usually dominant, 66 to 80 percent of the total number of species 
in each community was usually forbs. The great variety of species 
in some stands, up to 86 in the Andropogon gerardi prairie type, 
is possible because the resources of the site are ample, thus re- 
ducing competition, and because of differences in life-form and 
season of maximum needs, making association of diverse species 
possible. When the number of species is as low as 12 per stand 
(averaging 3.7 per square meter) it seems that more kinds cannot 
grow because their requirements cannot be provided by the habitat. 
There appears to be a general rule that diversity of species and 
productivity are related to favorableness of environmental condi- 
tions (Whittaker, 1954). 

Lynch (1955), on the basis of frequency, vitality, constancy, 
presence or absence of species, age and height of trees, recognized 
Six associations (community types) in the aspen groveland mosaic 
in Glacier County, Montana. Daubenmire (1952) classified the 
“endless array of variations” of stands in the conifer-dominated 
forests of northern Idaho and adjacent Washington into 13 climax 
plant associations, in four vegetation zones, each characterized 
by a particular combination of vascular plant unions (a union is 
“a group of plants exhibiting ecologic similarity throughout a 
particular vegetation matrix”, p. 328). The vegetation consists of 
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broad expanses with low degree of variation, separated by narrow 
strips (ecotones); but not as a “continuum with strong gradients 
extending in all directions,” nor as sharply defined discontinuities 
in the distribution of species. Coupland (1950) used dominance, 
distribution of subdominants, and basal cover, mostly, in deter- 
mining groupings in grasslands in western Canada. 

Important factors in the differential groupings of species into 
two major groups in an area in the lower foothills in northern 
Colorado appear to be deposition versus erosion, and differences 
in the gravel content of the 0-6-inch soil horizon (Hanson, 1957). 
Agropyron smithii, Bouteloua gracilis, Bromus tectorum and a 
limited number of associates (11.2 species per stand) formed the 
grouping on sites which showed evidence of deposition and where 
the gravel content averaged 2.2 per cent. The groupings in the 
other major group were (a) the dominants: Stipa comata, Boute- 
loua gracilis and B. curtipendula (28.7 species per stand), (b) 
Andropogon scoparius (35 species per stand), and (c) B. gracilis 
and Artemisia glauca (21.6 species per stand). The gravel con- 
tents averaged 33.0, 21.2 and 15.6, respectively. There was evi- 
dence of slight to moderate erosion. The sites of the latter three 
communities differ in topographic and soil conditions. The group- 
ing of species in the first of these communities appears to be 
related more to the soil characteristics of the site than to inter- 
relations of species. The paucity of constants and total number 
of species appears to be caused partly by the compactness of the 
soil which hinders penetration of moisture. Many species of the 
other communities do not occur in this one because adequate 
relations with the environmental conditions cannot apparently be 
established. The three dominants have the capacity to utilize the 
resources of the habitat, which are more limited than in the other 
kinds of habitats. In some years Bromus tectorum cannot use the 
available resources adequately, with resulting reduction in num- 
bers and in height. This occurs when the soil moisture is low in 
the spring, although it may be ample later in the season. Agro- 
pyron smithii and Bouteloua gracilis, however, have greater 
capacity to use the resources and therefore grow much better in 
the absence of severe competition with B. tectorum. Hulbert 
(1955) states that certain temperature conditions retard the 
germination of the seeds of B. tectorum. 
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ANALYSIS AND DESCRIPTION OF STANDS 
AND COMMUNITY TYPES 

Precise descriptions of stands, or concrete communities, are 
essential in order to classify them into abstract communities or 
community types. In order to enhance clarity, Whittaker (1956: 
42) suggests that “community” be used only for a concrete com- 
munity or stand, and “community-type” for any abstract type or 
class of concrete communities. As pointed out by Gleason (1939). 
the first definite, scientific discussion of communities was by Grise- 
bach in 1838, but progress was slow in their study until this 
century. As far as possible, descriptitons should be standardized 
(Webb, 1954). The descriptions should be based upon analysis 
which reveals intrinsic characteristics of the stand. All types of 
stands, whether transitional or sharply delineated, should be ana- 
lyzed and described. After many years of analyzing vegetation, 
Shreve (1951:39-40) concluded that “Floristic and vegetation 
subdivisions must be made on the basis of their own intrinsic 
data. The physical setting is a controlling agent with reference 
to the vegetation, but is not one of its characteristics. The custom 
of using the habitat as part of the characterization of a plant 
community is an illogical procedure of long standing”. Many 
others have stressed the importance of characterizing vegetation 
by its own features and not by extrinsic factors (Tansley, 1920; 
Richards, Tansley and Watt, 1940; Gillman, 1949; Dansereau, 
1951; Beadle and Costin, 1953; Hanson, 1957). 

Intrinsic characteristics include, first of all, species composition, 
followed by vitality of species, relative proportions of species in 
number, area and weight, and the structural pattern that is 
formed (Hanson, 1950; Curtis and McIntosh, 1950; Poore, 
1955). Delimitation of a stand is not difficult when it is differen- 
tiated by sharp boundaries caused by such factors as burning, 
cultivation, grazing, or differences in the substratum. It is more 
difficult when the stand is not sharply segregated but forms a 
continuum along a gradient (Whittaker, 1954; Beadle and Costin, 
1952). Webb (1954) suggests that by agreement, as in segre- 
gating various shades of color by means of conventional wave 
lengths as boundaries, a certain minimum area-cover for a char- 
acteristic species, or a group of species, be used as the criterion 
by which stands can be placed in one or another community-type. 
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Gleason (1936:447) characterized the stand as a geographic unit 
which occupies space, has boundaries, exhibits uniformity of 
structure, and must also have the time relation, a beginning and 
an end. He stated that of these basic features, unformity is clearly 
the most important. Transition zones between two recognizable 
communities are characterized by biotic and physical-chemical 
instability and a wide range of conditions (Burbanck et al, 1956). 
These ecological entities are typical of the natural environment 
and tend to be occupied by plants and animals that are adapted 
to such conditions of wide ecological amplitude. It is wise to 
leave analysis of transition zones until a frame of reference of 
well-marked communities has become available. 

Stands that show the greatest number of characteristics in com- 
mon are grouped together into community-types of various kinds 
(Nordhagen, 1943; Hanson, 1957: and others). It is true, as 
stated by Egler (1942:253), “—tne complexity of floristic and 
environmental conditions is so great, that the exact combination 
and sequence of events seldom if ever repeats itself’; but precise 
similarity is not essential for the classification of stands. It would 
appear exceptional, however, under natural conditions for different 
vegetation types to “exist with essentially identical floristic and 
environmental backgrounds” (ibid:253). The community-type 
(association, sociation) is thus based upon analysis and descrip- 
tion of stands, but preliminary, extensive field study of the region 
under investigation is essential in determining the major vegetation 
types (DuRietz, 1925). After this, any uniform community which 
can be distinguished in the field should be analyzed and described, 
and later the ecotones can be filled into the pattern that emerges 
(Poore, 1955). 

The technique of description is well advanced in many parts 
of Europe because of the wide use of the sample-area (quadrat) 
method and estimation scales of various criteria such as cover, 
abundance and vitality. Whittaker (1954:200) stresses that 
each feature of the community is important in relation to the 
environment and that a single approach, such as the emphasis 
on dominance among American ecologists, or character-species 
and differential-species among the phytosociologists, is not ade- 
quate. Some of the conclusions reached by Poore (1956) in his 
careful testing and analysis of the Braun-Blanquet system are 
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pertinent. “The more accurate and detailed the information the 
mvre valuable the description, which includes as a matter of 
course the examination of the soil profile and accurate notes on 
certain features of the habitat. Description by physiognomy and 
dominance alone, on the other hand, may cause one to ignore the 
detail for wider aspects, and even to consider that a description 
of the behaviour of the dominant and more striking species is the 
saine thing as a description of the synecology of the community. 
—a large amount of information about the distribution and range 
of tolerance both of vegetation types and of species is accumulated, 
in every case with relatively detailed notes on habitat. This in- 
formation can be stored and is invaluable for subsequent compari- 
sons with the vegetation of other regions or for autecological 
studies.—By distinguishing units (by constancy and dominance) 
it establishes a reference system of co-ordinates into which other 
described or undescribed pieces of vegetation may be fitted. —It 
provides a standard technique (particularly in its insistence on 
uniformity of sample plot), whereby descriptions can be made in 
any kind of vegetation, and the results obtained by different ecolo- 
gists in different regions can be directly compared.—lIt provides a 
picture of the general variation of vegetation in terms of habitat. 
—lIt indicates which floristic differences are constantly linked with 
particular changes in habitat and which are fortuitous (or appar- 
ently so). This allows generalizations to be made from any 
detailed ecological studies on these communities, whereas the re- 
sults obtained on isolated ecological situations in small areas are 
often limited in application, and only locally valid” (p. 45). 

“There are two possible ways of establishing the normal condi- 
tion of a vegetation type and the range of its habitat; the first 
is to examine one station intensively over a long period; the sec- 
ond to survey extensively as many similar stands as possible. The 
phytosociological method follows the second of these alternatives. 
The best results would naturally be obtained by carrying out both 
of these types of examination, for the results of one could then be 
used to check the findings of the other. But it is advisable to 
carry out the extensive survey first, in order that the problems 
may be defined correctly and the most appropriate station be 
chosen for an intensive investigation” (ibid. p. 47). 

The value of defined and described community types is demon- 





104 THE BOTANICAL REVIEW 


strated in many papers, such as the one by Marschall (1947) on 
the Trisetum flavescentis association in Switzerland, first defined 
by Stebler and Schroter in 1887. This association comprises most 
of the hay-producing meadows and many of the pastures of Swit- 
zerland, and seems to occur throughout the highlands of Middle 
Europe. The association is dependent upon three chief factors: 
altitude, manuring, utilization (grazing in spring and autumn, 
mowing for hay in the summer, and manuring in the spring). 
Marschall’s description is based on the analysis of 123 meadows 
from many parts of Switzerland. 

Coombe and Frost (1956) found that characterization of com- 
munities, based on the dominants together with the constants, is 
the most useful; use of dominants alone or of faithiul (high fidel- 
ity) species alone is unsatisfactory. They found the most suitable 
criteria for grouping stands into abstract types to be those which 
give (a) the greatest uniformity within the types, (b) the smallest 
number of types to which the greater part of the vegetation under 
study can be referred, and (c) maximum correlation with environ- 
mental factors. “The characterization of types admittedly remains 
a highly subjective process,—” (ibid. p. 248). 

In the analysis of stands the chief characteristics used are the 
number and kinds of species, herbage cover, frequency, and vigo! 
of each species. The one-meter-square quadrat is commonly used, 
the number per stand varying according to the type of vegetation. 
For most grassland types 20 have been recommended (Hanson, 
1955). One large sample-area per stand is also used by some 
phytosociologists, but frequency cannot then be calculated. At 
least ten stands of the same type of community should be analyzed 
as a basis for characterization of the community-type. The data 
of the analysis-tables of stands are summarized into an associa- 
tion table for each community-type, so that average cover and 
frequency are shown for each species in each stand. These aver- 
ages are then summarized to show the average cover of each 
species in the community-type and the constancy (per cent ol 
stands in which a species occurs). Other characteristics—vitality, 
height, numerical abundance, gregariousness, life-form, longevity, 
fresh or dry weight among them—may also be included (Braun- 
Blanquet, 1951; Nordhagen, 1943; Conard, 1939, 1952; Hanson, 
1957; and others). Some of these characteristics have special 
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bearing on the relative proportions of species; others, such as 
height, life-form and gregariousness, pertain especially to structure 
and are factors in determining the physiognomy of the community. 

Comparisons of association tables of different kinds of abstract 
communities will reveal the extent of occurrence of each species 
in various cominunities. If the occurrence is limited to one kind 
of community the species rates high in fidelity. This is a very 
important characteristic because it may indicate a narrow range 
of ecological amplitude and/or low competitive capacity. Species 
of high fidelity are usually good habitat indicators (Ellenberg, 
1954). 

For each stand and community-type habitat conditions, the 
position in environmental gradients, and, if possible, the succes- 
sional status should be described. The description of the habitat 
will usually include at least a general statement of temperatures 
and precipitation, topography and nature of the substratum (kind 
of material, depth of soil, texture, structure, moisture supply, 
pH, lime content and organic material). The successional status 
may vaiy from an early stage in primary or secondary succession 
to climax. A full account of the relations of the community to the 
habitat and to succession probably fits better under the explana- 
tion of community processes, such as Watt’s (1947) “pattern and 
process”, than under description and should perhaps come after 
the descriptive phase (Ellenberg, 1954). In the study of a com- 
munity three basic aspects should be distinguished. These are 
(a) development, or growth from a young to a mature stand, 
(+) succession, or the replacement of one stand by another, and 
(c) evolution, or the changes in constituent species caused by 
genic changes. The complex ecologic interrelations of the numer- 
ous kinds of organisms that compose each well-organized com- 
munity must have originated through a long period of interco- 
ordinated ecologic evolution (Dice, 1952). 


CLASSIFICATION OF COMMUNITIES 


When adequate descriptions of stands and community-types 
are available, various kinds of classification can be made, de- 
pending upon the purposes to be served. The human mind ap- 
pears to require that complexity of information be reduced to 
order. There can be many kinds of classification. The classification 
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of classifications as presented by de Candolle in 1813 (Heslop- 
Harrison, 1956) is of interest in this connection. The following 
kinds were recognized: A. Empirical e.g., alphabetical, not based 
on the inherent nature of the objects. B. Rational, based on the 
nature of the objects; these are subdivided into (a) practical, based 
upon values to man, (0) artificial, for the purpose of identification 
and usefulness in other ways, and (c) natural, based upon affin- 
ities between organisms. 

Webb (1954) asks “what other aim has classification than con- 
venience?”. Goodall (1954A:181) summarizes, “A general con- 
clusion of the principles of classification leads to the conclusion 
that it must always be more or less arbitrary. This is especially 
true of vegetational classification, where the units to be classified 
must themselves be arbitrarily delimited”. Whittaker (1956) agrees 
in general. 

Seven kinds of classification of vegetation will be discussed. 

1. One purpose of classification is to show similarities and 
differences in composition and structure between communities 
(e.g., Hanson and Whitman, 1938). This is often called the 
“relationship” of communities, but it seems preferable to restrict 
classification of relationships to natural classifications based on 
affinity as used in the taxonomy of plants and animals (Webb, 
1954). A natural, “phylogenetic” classification is often expressed 
in the form of a branching tree to show genetic relationships. 
Hierarchical systems of classification of communities, particularly 
the Braun-Blanquet system, which show similarities and differences 
between communities, have been discussed in numerous papers 
(Conard, 1939; Gams, 1941; Ellenberg, 1954; DuRietz, 1930; 
Poore, 1954, 1955A, 1955B, 1956; Beadle and Costin, 1953; and 
others). The grouping of community-types (associations, socia- 
tions) into alliances, orders and classes has been widely used in 
Europe and other countries (Braun-Blanquet, 1951; Nordhagen, 
1943; and others). If entities are not genetically related, several 
writers (Goodall, 1954A; Webb, 1954) have stressed that the 
advantages of the hierarchical system disappears. 

Because of the increase in the number of descriptions and the 
names of plant communities and the resulting confusion, Drees 
(1953) recommends the establishment of a set of rules for form- 
ing names and for classification. These proposed rules are stated 





FORMATION AND CLASSIFICATION OF COMMUNITIES 107 


in detail. The main units in the classification are association, al- 
liance, order and class. The association may be divided into 
variants, vicariants or subassociations, depending on the causes 
of floristic differences between various stands. The names of the 
communities should be short and based upon the names of plants. 
These proposals are discussed by Barkman (1953) and others in 
the same number of Vegetatio. They agree, on the whole, that 
rules are needed and that Drees’ proposals form a good basis for 
discussion. The users of the Braun-Blanquet system are much 
nearer to reaching agreement on many of these suggested rules, 
but others, especially in Great Britain and North America, would 
probably not agree to follow such rules, largely because the Braun- 
Blanquet system has not been adopted. Conard (1939, 1952) 
discusses this system favorably, Egler (1954) unfavorably. 


The multidimensional coordinate system of classification, or 
“ordination” (Goodall, 1954), has been suggested as another 
way to show differences and similarities between communities. 
According to Webb (1954:368, 369), “—plant communities 
should be classified multifactorially rather than hierarchically, if 
only for the reason that when we say of one community that it 
is ‘related’ to another we do not mean it in the same literal sense 
as when we say the same about two organisms. All we mean is 
that the resemblances between the two interest us at the moment 
more than the differences.—only a system of multifactorial record- 
ing which is capable, if we wish, of being carried on a punched 
card, can form a satisfactory basis for the classification of plant 
communities”. 


Goodall (1954A) urges an extensive and prolonged testing of 
the concept of the continuum (Curtis and McIntosh, 1951) as a 
basis for the grouping of vegetational samples. He feels that a 
natural basis for the grouping of samples into classes exists only 
where these classes are separated from one another by discontinu- 
ities in the joint distribution of characters, and even then treat- 
ment of the vegetation as a varying continuum, rather than as a 
collection of classes, can never be wrong. Ehrendorfer (1954) 
states that, although biocommunities are concrete and may show 
sharp distinctness, it must not be overlooked that the biosphere 
forms a continuum. Neither from the areal nor the time viewpoints 
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do sharp boundaries exist, but, instead, borderzones with corres- 
ponding mixed or transition communities are found. 

2. Conard (1952) classified plant communities of lowa on the 
basis of complexity, following concepts cf Braun-Blanquet. An 
outline of this classification is as follows: 

(a) Floating communities with no fixed habitat, e.g., Lem- 
netum minoris. 

(b) One-layered communities without roots, e.g., Spirogyra 
in shallow water, crustose lichens. 

(c) One-layered communities with roots, e.g., submersed 
aquatics as Charetum, emersed aquatics as Typhetum 
latifoliae, terrestrial as those with one layer of roots in 
Polygonum persicaria communities, and two layers of 
roots in Poa pratensis communities. 

(d) Two layers above ground, e.g., herbaceous such as 
Calamagrostis canadensis communities, and woody such 
as Corylus americana communities. 

(e) Three or more layers above ground and as many under- 
ground e.g., woody such as Quercus rubra communities, 
and herbaceous such as Stipa spartea communities. 

3. Another purpose of classification is to show relations of 
communities to habitats. As is to be expected from differences 
among species in ecological amplitude, capacity to utilize resources 
of the environment and interactions between them, species vary in 
their success in living in different kinds of habitats. Some species 
can live in several kinds of habitats, others are restricted to one 
or a few kinds. When a species, however, occurs in several kinds 
of habitats, the degree of success attained in each usually varies, 
as shown by the abundance, cover, vitality and other criteria. 
Ehrendorfer (1954:157) illustrated these relations between habi- 
tats and communities diagrammatically by means of circles whose 
areas represented the range of ecological amplitude, and the 
thickness of the lines the ecologic-sociologic value of the species. 
The number of overlapping circles indicates the abundance of 
different kinds of organisms in any one habitat; the number of 
circles that overlap several habitats indicates the success of various 
species in different habitats. 

In this kind of classification emphasis is often more on the 
character of the habitat than on the community. In fact, the com- 
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munity may not be described at all, and only a listing of species, 
especially the more abundant or conspicuous, is given. This may 
be all that is possible to do in little-known regions or where time 
and facilities are inadequate for more thorough study. The purpose 
of the study may often be more taxonomic or phytogeographical 
than phytosociological. The following illustration of this kind of 
classification is taken from Porsild’s “Plant life in the Arctic” 
(1951): 

A. Rock desert or fell-field communities, substratum not com- 
pletely covered: (a) rock desert, (b) unstable screes and 
stone creeps, (c) gravelly rivers flats and fans. 

Tundra communities, cover never closed nor continuous: 
(a) dwarfshrub heath, (>) lichen and moss heath, in drier 
and better drained areas, (c) grassland, (d) willow and 
alder thickets, (e) marsh and wet tundra, (f) snow-flushes. 
Strand communities: (a) lagoon and salt-marsh subject to 
flooding, (b) sand dunes and gravel beaches, (c) rocky 
shores. 

D. Vegetation of fresh waters: (a) ponds and lakes, () brooks 
and rivers. 


Such a classification makes a good starting point in the study 
of communities. As Porsild states, comparatively little progress 
has been made in the study of plant communities in the Arctic. 


Anderson and Fly (1955) propose a grouping of categories of 
natural soil units on differences in vegetation and soils as a basis 
for the classifying of range sites in the Flint Hills range pastures 
in Kansas; and the “final classification of landscape into range sites 
must be based on differences reflected in the natural vegetation” 
(p. 169). The number of distinctive vegetational units was smaller 
than the number of soil units mapped. Six range sites—ordinary 
upland, limestone breaks, upland, claypan, very shallow, lowland 
(gullies )—-were recognized on the basis of major forage species 
together with site differences. 

4. Communities may be classified for the purpose of indicating 
dynamics such as the kind of sere and the stage of succession 
(Clements, 1916; Weaver and Clements, 1938). Many writers 
have classified vegetation according to stages in secondary suc- 
cession. An example is taken from the classification by Johnson 
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(1945) of stages in the revegetation of abandoned crop land in 
the Pike’s Peak region in Colorado: 

(a) Initial stage, annual forbs and grasses. 

(b) Perennial forb stage, with perennial forbs and grasses, 
shrubs and annual grasses, dominates the area for three 
to five years after cessation of cultivation. 

(c) Mixed giass and weed stage. 

(i) Stipa-Agropyron phase, duration about ten years. 
(ii) Stipa-Bouteloua phase, develops within 15 to 25 
years after abandonment. 

(d) Subclimax bunchgrass stage, with Muhlenbergia mon- 

tana and Festuca arizonica as dominants. 

(e) Climax, with Pinus ponderosa and Pseudotsuga taxifolia 
as dominants. 

In each of these stages there may be several kinds of com- 
munities. In the initial stage are nearly pure stands of Setaria 
viridis, Chenopodium album and Helianthus annuus as well as 
mixtures of various species. It is important to distinguish at least 
the chief kinds of communities in each stage and to analyze and 
describe each one, but too often this has not been done. Such 
analysis and description would undoubtedly reveal many species- 
soil relations and differences in succession in relation to site condi- 
tions. The replacement of communities in succession is dependent 
largely upon the success of some species in coping with the en- 
vironment and associated plants, and the inability of other species 
to grow or reproduce under the changing conditions. Difficulties 
are often encountered in determining whether succession is actually 
occurring. The invalid assumption is often made that because 
stands are in juxtaposition, one succeeds the other. Determination 
of the precise successional position of a community is not essen- 
tial to analysis and description. Records of permanent sample 
plots over a period of years may be needed to determine the 
course of succession in some communities. On areas of uniform 
topography and soil stages it may be determined by study of portions 
that have been recovering for different periods of time from burn- 
ing, lumbering, grazing, mowing or cultivation. 

5. Communities may be classified on the basis of dominant 
life-form or physiognomy. Kiichler’s (1949) classification of 
vegetation has five main classes of criteria; woody vegetation, 
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herbaceous vegetation, height, density, and special features such 
as epiphytes, lianas, succulents and bamboos. Knowledge of species 
is not needed; so, as stated by Ellenberg (1954), this kind of 
classification is best suited for first descriptions of unknown re- 
gions. It is especially well liked by geographers. For thorough 
vegetation studies the physiognomic classes, as, for example, 
dwarf-shrub heath, needle forest, grass-steppe, are too general and 
often without much meaning chiefly because one kind of life-form 
can be dominant under different ecological conditions (Ellenberg, 
1954). 

Dansereau (1951), in a careful study of the use of physi- 
ognomy and structure in describing vegetation, proposed a system. 
This includes six series of criteria: life-form (trees, shrubs, herbs, 
bryoids, epiphytes, lianas), size (tall, medium, low), function 
(deciduous, semideciduous, evergreen, evergreen-succulent or 
evergreen-leafless), leaf shape and size (needle or spine, grami- 
noid, medium or small, broad, compound, thalloid), leaf texture 
(filmy, membranous, sclerophyll, succulent or fungoid), and cov- 
erage (barren or very sparse, discontinuous, in tufts or groups, 
continuous). Dansereau states that space relationships are em- 
phasized, and the major units are physiognomical rather than 
biological. The system has various applications, for example, to 
show differences and similarities between communities in a sere 
or in widely separated but more or less analogous areas. Whittaker 
(1956) classified the climax vegetation types in the Great Smoky 
Mountains into 15 kinds, on the basis of physiognomy first, and 
then on the dominant species. This was done for convenience in 
describing parts of the vegetation pattern and for relating pattern 
to topography. 

Communities may be analyzed and described phytosociologically 
first and then classified according to physiognomy and structure. 
An example of this is Nordhagen’s (1943) classification of tall 
herb meadows in Scandinavia: 

Tall herb meadows without tree or shrub layer 

Without dominance of tall ferns 
Geranietum silvatici alpicolum 
Deschampsietum caespitosae alpicolum 

With dominance of tall ferns 
Mulgedio-Athyrietum filix-feminae 
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Tall herb meadows with shrub layer of mountain willow species 
Salicetum geraniosum alpicolum 
Salicetum ulmariosum alpicolum 
Salicetum deschampsiosum alpicolum 
Tall herb meadows with tree layer of hardy deciduous broad- 
leaf species or spruce 
Without appreciable dominance of tall ferns 
Betuletum geraniosum subalpinum 
Piceetum geraniosum subalpinum 
With dominance of tall ferns 
Betuletum struthiopterosum subalpinum 
Betuletum mulgedio-athyriesum 
Alnetum struthiopterosum subarcticum 
Piceetum mulgedio-athyriosum 

6. Communities may be classified on the basis of geographic 
distribution, as in various belts or zones in relation to latitude or 
elevation above sea level. Physiognomy is probably the chiet 
characteristic in distinguishing the various zones, but other criteria, 
e.g., species composition and habitat, may also be used. The close 
interrelationships of species to the physical environment and to 
one another influence in large measure the floristic composition of 
the zones. 

Whittaker (1956:36) characterizes zonation “as a tendency, 
more or less developed under some circumstances, toward partial 
or apparent segmentation of the fundamental vegetation con- 
tinuum’’. Many kinds of zonation are found. The common zona- 
tion on both east and west coasts of Greenland, according to 
Gelting (1955), is a series of communities from the sea to the 
upland of Festuca rubra, Cassiope tetragona, Vaccinium uligino- 
sum, Dryas integrifolium and lichen-moss. The complex gradient 
from the sea to the upland shows decreasing depth of snow cover 
in winter and increasing exposure to winter winds. Similarly in 
arctic and alpine regions communities are zonally arranged about 
snow-beds along gradients of depth and duration of snow-cover, 
and quantity and duration of soil moisture. 

Schimper and von Faber (1935) classified the vegetation of 
the world into 15 formations: tropical rainforest, monsoon forest, 
temperate rainforest, summergreen deciduous forest, needleleaf 
forest, evergreen hardwood forest, savana woodland, thorn forest 





FORMATION AND CLASSIFICATION OF COMMUNITIES 113 


and scrub, savanna and half-desert, heath, dry desert, tundra and 
cold woodland, and cold desert. Dice (1943) classifiied geo- 
graphic areas of North America into 28 biotic provinces, each 
one characterized by peculiarities of vegetation type, ecological 
climax, flora, fauna, climate, physiography and soil. The biotic 
provinces were subdivided into biotic districts and life belts. 
Ecologic associations were considered relatively stable communities 
below the rank of life belt. 

Kendeigh (1954) ciassified and mapped the major plant-animal 
formations or biociations in North America into tundra, alpine 
meadow, boreal forest-edge, boreal forest, western forest, prairie, 
woodland, chaparral, basin sagebrush, desert scrub, deciduous for- 
est, deciduous forest-edge, and southern pine. He also discusses 
various classifications and evaluates concepts such as life-zone, 
biotic province, plant association and formation. The procedure 
of classifying minor plant-animal communities into biociations is 
described. This is a hierarchical system, making use of criteria 
of floristics, faunistics, vegetation, plant and animal sociology, and 
community dynamics. 

Zonal classification of restricted regions, as that of Daubenmire 
(1943), is useful. This classification contains six major zones; 
alpine tundra, Engelmann spruce-subalpine fir, Douglas fir, ponde- 
rosa pine, juniper-pinyon, and oak-mountain mahogany. Relation- 
ships of the vegetation zones to climatic conditions are also 
presented by Daubenmire (1943, 1956). 

7. Communities may be classified on some economic basis or 
with reference to some particular use. Some of these are timber 
production, grazing or hay values, indicator significance for crop 
production or other land use, and indicator significance of the 
terrain for location of roads, building sites, etc. Costello (1956. 
1957) warned about oversimplification which is a danger in these 
classifications. As complete knowledge as possible of the charac- 
terisitics of communities and relationships to the environment is 
needed for wise use of their resources. 

A classification in wide use in the United States divides range 
vegetation into four “condition classes”: excellent, good. fair and 
poor. A five-fold division is also used. According to one inter- 
pretation, the “poor” class shows the effects of severe overgrazing 
and is in an early stage of secondary succession. Determination of 
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the condition class is based chiefly on the kinds and abundance 
of species present in the stand as related to the kind and abundance 
in the climax or near-climax community on the same kind of site 
(Dyksterhuis, 1949). Short and Woolfolk (1956) suggest the 
value of plant vigor, as reflected in plant height, as a criterion for 
the determination of range condition class of Agropyron smithii 
communities. The leaf heights of this grass growing in the protec- 
tion of Opuntia polyacantha clumps were used as the standard to 
measure the vigor of the grass exposed to grazing. The five classes 
ranged from excellent, in which Agropyron was 95 per cent the 
height of protected plants, to very poor, in which the grazed plants 
were 67 per cent that of the protected grass. This method of 
classification is rapid, but limited in application. Costello (1956, 
1957) emphasizes the importance of considering as many factors 
and principles as possible in determining the range condition of the 
community. These include qualitative and quantitative charac- 
teristics, environmental relations, vegetation dynamics, and sus- 
tained maintenance of the resources. He calls attention to the 
dangers of minimizing the complexities. 

Communities may be classified so that recognition of them by 
airplane is facilitated. This enables the observer to make rapid 
surveys and to cover areas difficult of access on the ground. The 
communities of a region are first analyzed on the ground, and 
then their characteristics as observed from the air are determined. 
Important criteria are physiognomy, color, topography, species 
composition and abundance, and association of species. In making 
surveys of winter lichen range for reindeer in northwestern 
Alaska, Hanson (1953) used a classification designed to indicate 
relations between the distribution and abundance of lichens and 
major types of vegetation which could be readily distinguished 
on the ground or from the air. Twenty-two kinds of communities 
were classified into six major types: forest (3 kinds), shrub 
(5 kinds), dwarf shrub (4 kinds), dwarf shrub-marsh (1 kind), 
herb-dwarf shrub (2 kinds), and herb (6 kinds). 

The classification of the Forest Survey and Vegetation Type 
Survey of California (Jensen, 1947) is designed to summarize 
details for various purposes. It facilitates the use of descriptions 
of communities in connection with acreages or locations of timber 
stands, areas suitable for domestic livestock or wildlife, watershed 
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cover conditions, and inflammability of the cover. It includes 
four major groups, as follows: 

A. Vegetation types that contain commercial conifers: pine, 
redwood, Douglas fir, fir, pine-Douglas fir, pine-fir, pine- 
Douglas fir-fir, spruce, lodgepole pine-mountain hemlock. 

B. Vegetation types that lack commercial conifers but contain 
noncommercial conifers in predominance over hardwoods: 
whitebark pine-foxtail pine, pinyon pine, juniper, minor 
conifers. 

C. Vegetation types that lack commercial conifers but contain 
hardwoods in predominance over noncommercial conifers: 
woodland, woodland-chaparral, woodland-sagebrush, wood- 
land-grass. Subdivisions of these are tanoak-madrone, 
blackoak-Oregon white oak, live oaks, blue oak-California 
white oak, alder, aspen-cottonwood. 

. Vegetation types that lack trees: chaparral, coastal sage- 
brush, Great Basin sagebrush, desert, bushy herbs, grass, 
marsh. 

The classification of forest cover types of the Society of Ameri- 
can Foresters (1954) is based on the existing tree cover, largely 
because this is what the forester has to deal with. The classification 
has ecological, silvicultural and management values, including 
temporary stands on disturbed areas. The cover in each region is 
subdivided on the basis of moisture conditions of the site. The 
classification is summarized as follows: 

Eastern North America 

A. Boreal forest region: 3 dry types, 8 fresh to moist, 2 wet. 

B. Northern forest region: 4 dry, 26 fresh to moist, 4 wet. 

C. Central forest region: 17 dry, 15 fresh to moist, 1 wet. 

D. Southern forest region: 9 dry, 23 fresh to moist, 8 wet. 
Western North America 

. Northern interior: 4 types. 

. High elevations in the mountains: 5 types. 

. Middle elevations in the interior: 11 types. 

. North Pacific: 14 types. 

. Low elevations in the interior: 8 types. 

. South Pacific except for the high mountains: 8 types. 

Each of these types is defined, the major constituent species are 
named, and the geographic distribution, dynamics and other fea- 
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tures described briefly. This comprehensive, standardized classifi- 
cation is reported to be very useful in eliminating confusion and 
inconsistency in nomenclature, which were previously present. 


SUMMARY 

Characteristics of species that are important in the formation 
of plant groupings are classified as basic principles, as follows: 

Every species has certain relations to the physical environment: 
(a) essential requirements, (b) range of ecological amplitude, (c) 
capacity to utilize available resources. 

Every plant has relations with other organisms: (a4) competition, 
(b) association of species, (c) reproduction and dispersal, (d) 
changes in relations because of grazing, mowing or other distur- 
bance, (e) parasitism, (f) mutualism and commensalism. 

The ecological success of a species or a population depends upon 
its capacity to cope with its physical environment and associated 
organisms in relationships, such as those stated in these principles. 

Groupings of species in stands or communities are formed be- 
cause of similarities and differences among them with regard to 
these principles and because of similarities and differences in 
habitats. The best descriptions are based upon analysis which 
reveals intrinsic characteristics of the stands. The more detailed 
and accurate the analysis, the more valuable is the description. 
Stands that show the greatest number of characteristics in com- 
mon may be grouped into community-types or abstract com- 
munities of various kinds. Precise similarity of stands in each kind 
of type is not essential. 

Various classifications of stands and community-types may be 
made, depending upon the purpose to be served. Some of the 
bases of classification are: similarities and differences in composi- 
tion and structure, or in complexity of communities; relations to 
habitat, succession or geographic distribution; physiognomic ap- 
pearance; and economic values. Each of these is discussed with 
examples. 
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INTRODUCTION 


At the present time there seem to be major areas of disagree- 
ment among investigators with respect to the applicability of 
climax and successional concepts to arctic and alpine areas. There 
are a number of problems which may be primary in affecting the 
nature and magnitude of disagreement. 
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The question has been raised by some investigators as to whether 
the term “climax” and a climax concept should be used, even for 
areas in the temperate zone (Egler, 1947; Ashby, 1950; Whit- 
taker, 1953; Walter, 1954). The principal reason for questioning 
the applicability of a climax concept to arctic and alpine areas is 
concerned with the apparent instability of the habitat and vegeta- 
tion (Summerhayes and Elton, 1928; Griggs, 1934, 1936; Raup, 
1941, 1951; Hopkins and Sigafoos, 1951; Sigafoos, 1951, 1952; 
Benninghoff, 1952; Hayward, 1952). However, there are differ- 
ences of opinion with regard to the role of arctic environmental 
factors, such as frost thrusting (Taber, 1952). The vegetation 
and/or the habitat are subject to changes with respect to nature, 
rate and area which seemingly violate the degree of stability ex- 
pected within the framework of the steady-state concept. 

Irrespective of the climatic region, agreement is not complete 
with respect to several ecological concepts which are basic to the 
analysis of the problem. These concepts are climate, succession, 
unit of study or treatment for vegetation analysis, and vegetation 
classification system (Griggs, 1934, 1936; Raup, 1941, !951; 
Egler, 1947; Ashby, 1950; Hopkins and Sigafoos, 1951; Whit- 
taker, 1953, 1956). 

Changes are characteristic of all vegetation, even of climax types 
(Cowles, 1911; Paczoski, 1917; Clements, 1936; Hanson and 
Whitman, 1937; Weaver and Clements, 1938; Jones, 1945; Watt, 
1947; Coombe and White, 1951). The significance to be assigned 
to each change seems to be in an area of primary disagreement 
It is believed that, if changes are analyzed with respect to the 
several ecological concepts that are involved, the areas of agree- 
ment may be greater than supposed. Analysis of the problem on 
the basis of change may contribute to a significant degree of 
clarification. 

It will be noted in this paper that some terms are used in lieu 
of ecological designations which are common and have distinctive 
definitions. It is not the intent that the new terms be adopted in 
lieu of those commonly accepted. Later in the discussion provision 
is made to substitute the accepted ecological terminology. The 
procedure of minimizing the use of ecological terminology is to 
avoid, as much as possible, a variety of connotations that could 
arise with the use of ecological terms which are intimately related 
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to certain ecological concepts. The term “communtiy” is employed 
in the sense of the concrete stand, community type and association 
type of the Scandinavian and central European ecologists. 


ENVIRONMENTAL GRADIENTS AND HABITAT PATTERNS 


Habitat change in space is more generally along continuous 
gradients (Linkola, 1924; Hansen, 1930, 1932; Sampson, 1930; 
McBryde, 1933; Halliday, 1935; Horton, 1941; Cooper, 1942a; 
Spilsbury and Smith, 1947; Curtis and McIntosh, 1951; Burges, 
1951; Marler and Boatman, 1952; Brown and Curtis, 1952; Whit- 
taker, 1953, 1956) but discontinuities also exist (DuRietz, 1924; 
Horton, 1941; Hanson, 1951; Whittaker, 1956). The gradient 
change may be on any scale, i.e., from a macroscale (Polunin, 
1934-35; McBryde, 1933; Jenny, 1941; Cody, 1951; Curtis and 
McIntosh, 1951) to a local scale (Walton, 1922; Linkola, 1924; 
Tidestrom, 1925; Fries, 1925; Cajander, 1926; DuRietz, 1930, 
Hanson, 1930, 1932; Halliday, 1935; Oosting, 1942; Davidson, 
1946; Hanson, 1951; Cody, 1951) and to a microscale (Oswald, 
1923, 1949; Katz, 1926; Lewis and Dowding, 1926; Ljungquist, 
1927-29; Nordhagen, 1928; Griggs, 1936; Tansley, 1939; Sjors, 
1948; Hansor, 1950a, 1951, 1953; Wiggins, 1951; Cody, 1951; 
Steere, 1954; Braun, 1956). 

The habitat factors which are primary in determination of the 
gradients and resultant patterns of vegetation aze precipitation, 
temperature, soil moisture and other soil characteristics, snowbeds, 
wind, fire, etc, (Shaw, 1909; Clements, 1916; Lewis, 1923; Fries, 
1925; Blanchet, 1926; Weaver and Clements, 1938; Béocher, 
1949; Went, 1950; Dahl, 1950; Whittaker, 1953; Polunin, 1955; 
Moss, 1955; Cooke, 1955). The changes in life form and in the kinds 
and abundance of species is related to the changes in the environmen- 
tal gradients (Clements, 1916; Whittaker, 1953). The boundaries 
between communities are more discrete in some cases than the 
actual environmental change because of the incompatability of 
species (Whittaker, 1953). In geological time the environment 
may change, even in steady-state vegetation (Cowles, 1911; Raup 
1941). The change is at such a rate that it would usually not be 
detectable during the period of study by one investigator. In spite 
of this change during geological time, it is highly improbable that 
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a non-gradient environment will ever exist (Faegri, 1937; Whit- 
taker, 1953; Thornbury, 1954). 


Types of Gradients 

Gradients vary in size of area covered, and gradients occur 
within gradients, as, for example, local gradients on hillsides within 
the gradual gradient of increasing elevation from Point Barrow to 
the Brooks Range, Alaska. Some gradients are on a large area 
scale. Summerhayes and Elton (1928), in a study of Spitzbergen, 
determined that the climatic gradient, the major gradient, was 
divided into four zones which related to vegetation they called the 
barren, Dryas, Cassiope and Empetrum zones. These zones could 
be traced on a broader scale in the Spitzbergen archipelago, Green- 
land, arctic Canada, and in the mountains of Scandinavia. 

Gradients may be considered to exist between communities. 
Nordhagen (1943) related four sociations of the dwarf birch— 
crowberry—heath association in the Sikelsdalen region of Norway 
to the gradients of snow cover, exposure to winds, availability of 
water, and solifluction. Several other investigators (Seidenfaden 
and Sgrensen, 1936; Sgrensen, 1941; Gjaerovoll, 1950, 1954; 
Hanson, 1953; Gelting, 1955; etc.) have related plant communities 
to gradients of available water, exposure, solifluction, depth of 
snow cover, etc. 

Gradients are also present within small areas. These might be 
called “microgradients”, “intrastand gradients” or “microcommu- 
nity gradients”. Coombe and White (1951) described the five 
types of distinct habitats and vegetation phases on the dolomite 
slopes of Altenfjord in Norwegian Lapland. All such five types 
or phases could be found in an area of a few square meters. These 
small scale gradients may be caused by and exemplified by what 
some call special situations. Some are surface water-flow patterns 
(MacFadyen, 1950), microrelief (Grigorjew, 1925; Sampson, 
1930; Braun, 1936, 1956; Hanson, 1951; Wiggins, 1951), soli- 
fluction terraces (Frédin, 1918; Seidenfaden, 1931; Sgrensen, 
1935, 1945; Troll, 1944; Washburn, 1947; Watt and Jones, 1948; 
Gjaerevoll, 1949; Metcalfe, 1950; Hanson, 1950a; Wilson, 1952), 
tundra mounds (Cajander, 1913; Polunin, 1934-35; Porsild, 1938; 
Russell and Wellington, 1940; Sharp, 1942; Troll, 1944; Hanson, 
1950a), polygons (Walton, 1922; Summerhayes and Elton, 1923, 
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1928; Huxley and Odell, 1924; Elton, 1927; Gates, 1928; Polunin, 
1934-35; Sgrensen, 1935; Washburn, 1947; Hopkins and Sigafoos, 
1951; Wilson, 1952), stone stripes (Troll, 1944; Taylor, 1955), 
frost scars and peat rings (Hopkins and Sigafoos, 1951, 1954). 
Numerous environmental factors occur in varying combinations 
and affect the environmental gradients in varying degrees. These 
factors are temperature, precipitation, wind exposure, insolation, 
elevation, slope, soil type including substratum and physical and 
chemical properties, surface and subsurface drainage, fire, etc. 
(DuRietz, 1925b; Braun-Blanquet and Jenny, 1926; Summerhayes 
and Elton, 1928; Russell and Wellington, 1940; Sgrensen, 1941; 
Watt and Jones, 1948). In some, rather unique factors are depth 
to permafrost, frost boils, mounds, cracks, polygons, soil move- 
ment, snow cover, etc. (Andersson, 1906; Walton, 1922; DuRietz, 
192Sa, Griggs, 1934; Sgrensen, 1935, 1945; Polunin, 1936, 1955; 
Raup, 1941; Taber, 1943; Hanson, 1950a; Hopkins and Sigafoos, 
1951; Sjors, 1955; Tedrow and Hill, 1955). Some changes, par- 
ticularly in soil conditions, are within the scope of the dynamics 
associated with the steady-state. The amplitude of any one or a 


number of factors may vary on one to all units of study, from a 
microcommunity basis to a community basis and to a higher unit 
basis. 


The fact that environmental gradients, in general, tend to be 
continuous instead of discontinuous in space applies to each en- 
vironmental factor and to the environment as a whole. Discontinu- 
ities in either an environmental factor or the habitat are usually 
not common (Whittaker, 1953). The rate of change of a factor 
varies in space, and this may be very broad and gradual, or it 
may be very steep or abrupt. Where the change is abrupt, either 
a discontinuity of vegetation type or a relatively narrow band of 
transition may be expected. Vegetation is a relative indicator of 
the gradient of the environment (Clements, 1920; Weaver and 
Clements, 1938; Cooper, 1942; Brown and Curtis, 1952; Whit- 
taker, 1953). However, Griggs (1934) believed that in the Arctic 
the plants are not reliable indicators of their optimum habitats. 
Whittaker (1951, 1952) found transitions of population through 
and between the forest associations of the southern Appalachians, 
this being indicative of the nature of the environmental gradients. 
Each factor has a pattern of gradients which may be related to 
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the gradients of the other factors, but its pattern of gradients must 
have a degree of independence so that a complex pattern of inter- 
grading habitats results. The complexity of intergradation of 
gradients of all environmental factors results in a very complex 
arrangement of communities (Hanson and Whitman, 1938; 
Coombe and White, 1951; Whittaker, 1953; Steere, 1954; Polunin, 
1955). 


Relationship of Communities to Habitats 


Vegetation is in dynamic adjustment to the environmental gra- 
dients, and the vegetation is also an indicator of these respective 
gradients (Hanson and Whitman, 1938; Steere, 1954; Whittaker, 
1953). This is the basis of the ecosystem concept in which the 
vegetation may be considered as a structural-functional system 
related to an environmental system (Tansley, 1935; Sgrensen, 
1941; Odum, 1953; Whittaker, 1953; Evans, 1956). 

The vegetation of some areas may be a complex continuum of 
populations which are in adjustment to the complex pattern of 
environmental gradients (Cooper, 1942a; Curtis and McIntosh, 
1951; Brown and Curtis, 1952; Whittaker, 1953; Curtis, 1955). 
Nytzenko (1948) pointed out that, because of the competition 
between species, communities are often more sharply delimited 
than habitats, He also called attention to the importance of micro- 
relief in defining boundaries and that the boundaries of com- 
munities are of three kinds, that is, clear cut, diffusive and mosaic 
insular. The following statement by Metcalfe (1950) regarding 
vegetation on the Cairngorm Mountains in Great Britain, applies to 
the Arctic and Alpine: “The result in toto is a vegetational patch- 
work related to local physiognomy, the units of which repeat over the 
whole area as the physiognomic features repeat and in which the 
units can be differentiated from each other, not only by the pres- 
efice or absence of the more sensitive or dependent species but 
also by the relative abundance and cover of the more tolerant 
and independent species”. Faegri (1937) also pointed out that 
the smallest and poorest communities, containing only the most 
common species, indicate the ecologic conditions of their habitats 
by variation in quantitative composition. He also emphasized the 
importance of humidity or moisture conditions for mosses and 
lichens because they do not possess root systems. 
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Several environmental factors are operative in any area. Each 
environmental factor usually is characterized by macro-, meso- 
and microgradients, the smaller gradients being a part of the larger 
gradients. The gradients are continuous and discontinuous but are 
generally characterized by variation rather than by uniformity. 
Each factor tends to be operative within a greater or lesser degree 
of independence from the other factors. Intergrading of the gra- 
dients of all factors results in a complex pattern of habitats. A 
non-gradient environment is never attained, even if a peneplain 
would develop by geomorphic processes. A complex pattern of 
habitats is present in the arctic and alpine as well as in other 
regions. Communities are in dynamic adjustment to the intergrad- 
ing habitats so that a complex pattern of vegetation results. The 
vegetation types may tend to be more discrete than the intergrading 
habitats. 


UNIT OF STUDY 


In determining change sequences and the nature of the long 


enduring or stable vegetation in arctic and alpine areas, one proce- 
dure is first to delimit the entities or units of treatment of vegeta- 
tion and then to analyze these communities or sociological units. 
It appears that these entities are as important in studying environ- 
mental relationships, synecology and successional processes as 
species and other taxa are in studying the flora. The sociological 
units are based upon characteristics such as kinds of species 
present, their numerical abundance, area occupied by each, fre- 
quency, constance, vigor, fidelity and dominance (Hanson, 1950b; 
Poore, 1955-56). 

The homogeneous units, for example, the sociation in Scandina- 
vian plant sociology, enable one to “penetrate deeply into the 
ecology even of a floristically very monotonous and poor district” 
(Faegri, 1937). The Scandinavians have learned much about the 
ecology and successional relations of their arctic and alpine vegeta- 
tion by the use of sociation as the sociological instrument (Du- 
Rietz, 1925b, 1930; Nordhagen, 1928, 1936, 1943). Nordhagen 
(1936) wrote: “Fiir mich ist es eine Hauptaufgabe bewesen, ein 
praktisch verwenbares System zu establieren, das auch fiir forst- 
liche und landwirtschaftlich Zwecke anwendbar wire. Sonst bin 
ich personlich nach 20-jahriger pflanzensoziologischer Tatigkeit 
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zu demjenigen Resultat gekomen, dass ein pflanzensoziologisches 
System in weit hoherem Grade ein Mittel als ein Zeil ist—und 
zwar ein Mittel um die Verbreitung und Gruppierung der Pflan- 
zenarten in der Natur besser zu verstehen und zu beschreiben”. 

The units vary considerably in area, depending upon the degree 
and extent of the uniformity in environmental conditions. Some 
communities, such as sedge marshes, beach rye, dwarf heath and 
Dryas-Kobresia, may occupy relatively large areas. Others, es- 
pecially moss and lichen communities, may occupy only a few 
square meters or even less, particularly in heterogeneous areas 
caused by hummocks, frost scars, solifluction terraces, snow-fields, 
drainage channels, polygons, etc. (Coombe and White, 1951; 
Nordhagen, 1943; Hanson, 1950a; Steere, 1954). 

Ashby (1936) and Pavillard (1935) have severely criticized 
the Scandinavian concepts of sociation whereby the vegetation is 
divided into a large number of entities. However, Osvald (1923), 
by means of his 164 sociations on a moorland of approximately 
40 square miles and by close analysis, discovered the three funda- 
mental complexes of raised bog development—the regeneration, 
stagnation and erosion complexes which dominate the bogs at 
different periods. This permitted explanation of the whole bog 
development and provided a key to post-glacial climate. 

It appears that a community is a subjective unit in the Arctic 
and Alpine as in other regions (Moss, 1910; Gleason, 1926, 1939; 
Cain, 1932, 1934, 1943, 1947; Leach and Polunin, 1932; Mason, 
1936; Tansley, 1939; Raup, 1942; Whittaker, 1951, 1953; Good- 
all, 1953-54; Poore, 1955-56). A question might even be raised 
as to whether communities are present in arctic and alpine areas 
(Polunin, 1934-35; Griggs, 1936; Raup, 1941; Cain, 1947). How- 
ever, subjective units are valid over at least limited areas (Nord- 
hagen, 1943; Daubenmire, 1952; Hanson, 1953; Bécher, 1954). 
Until careful analysis has been made of an area, there may be 
variation in space of such magnitude that no working units seem 
to be present. Sharply delimited communities occur in the Arctic 
and Alpine because of abrupt changes in environmental conditions. 
Transition zones may be lacking or in places they may cover con- 
siderable areas. In places communities can be arranged in continua 
along various gradients, such as soil moisture content and depth 
and duration of snow cover. The environmental gradient and the 
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related populations of species and growth forms on the gradient 
might be the unit of analysis (Whittaker, 1953), rather than a 
community, in the Arctic and Alpine as in other areas. Well de- 
fined communities characterized by dominance and presence of 
characteristic species as well as transition zones, may be considered 
as separate portions of the continuum (Whittaker, 1953). Sum- 
merhayes and Elton (1928) noted the supposedly bewildering 
array of the plant and animal communities of Spitzbergen, but 
analysis of the arrays and environmental gradients revealed a 
degree of orderliness of communities. Coombe and White (1951) 
pointed out the high degree of complication which may be found 
in small areas of arctic and alpine vegetation. 

In view of the large number of species of cryptogams in the 
Arctic and their great sensitivity to environmental conditions, 
numerous kinds of communities are formed. Steere (1954) stated 
that more than 500 species of mosses and perhaps 200 species of 
hepatics have been reported from northern Scandinavia. Dahl 
(1954) reported the occurrence of 460 species of macrolichens 
and 1,300 species of microlichens in Finland, Swenden, Norway 
and Denmark. Ecotypes of vascular species, with greater sensitivity 
than the species, undoubtedly occur in species of wide amplitude, 
for example, Betula nana, Vaccinium vitis-idaea and Arctagrostis 
latifolia. Knowledge of ecotypes with relation to communities and 
environmental conditions will make possible even finer distinctions 
in sensitivity of populations and communities (Billings, 1952). 
This will be furthered also by making greater use of the cryptogams 
in differentiation of communities. 

The presence of discrete vegetation units is subject to question 
by some. If ecological analysis is to be made of the vegetation of 
an area, it is necessary that some frame of reference be utilized. 
An arbitrary unit may serve (Webb, 1954). The use of a subjec- 
tive unit, the community, or of a gradient and its populations is 
just as valid for arctic and alpine areas as for other regions. 


CHANGES 
Changes have occurred, are occuring and will continue to occur 
in communities and habitats, including those in arctic and alpine 
areas (Cowles, 1901; Cooper, 1926; Griggs, 1934, 1936; Phillips, 
1934-35; Raup, 1941, 1951; Lindeman, 1942; Pennington, 1943; 
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Jones, 1945; Watt, 1947; Hutchinson, 1948; Hanson, 1950a; 
Hopkins and Sigafoos, 1951; Whittaker, 1953; Braun, 1956). A 
review of these changes should permit the placement of such 
changes in an appropriate perspective to the succession concept, 
climax concepts and classification systems. Some changes may be 
the bases for some investigators to question or even reject the 
applicability of climax and succession concepts to arctic and alpine 
areas. Discussion of these changes may clarify the application of 
these concepts to arctic and alpine areas. 


Types of Change 
REPLACEMENT CHANGE 


Non-cyclic replacement change is the replacement in a com- 
munty of individuals which have died from other than catastrophic 
causes. It might be considered as normal replacement. When an 
individual of a given species dies, it is not necessarily replaced by 
an individual of the same species (Watt, 1947, 1955; Burges, 1951; 
Richards, 1952; Piemeisel, 1954). However, it will usually be re- 
placed by an individual of a species which is a member of the 
same community (Dice, 1942; Whittaker, 1953). Within the stand 
there would be neither a perceptible nor a significant change in 
composition or abundance of the dominant and characteristic 
species. With a continuation of this process throughout the com- 
munity there would be no significant change in its character (Watt, 
1947; Burges, 1951). It is logical to assume that this replacement 
change is operative in any community which persists for a period 
of time in excess of the life span of the dominant and characteristic 
species. So far as is known, there has been no study conducted in 
arctic and alpine areas to specifically determine the nature and 
rate of such replacement change. 

The replacement of lichens in an arctic or alpine community 
may be cited as one such change process. Lichens possess adapta- 
tion for forming permanent communities under difficult conditions 
in that: “Production of soredia and fragmentation are probably 
the most important methods of reproduction . . . , since a consider- 
able number of foliose, as well as a few crustose and fructicose 
species seldom produce apothecia and spores . . . Rejuvenescence 
is quite common among species of Cladonia as the basal portion 
of the podetia die, and branching continues above” (Llano, 1944). 
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The lichens are therefore able to replace themselves after tram- 
pling by caribou or reindeer. 

Another kind of replacement is cyclic change. A phasic cycle 
is a series of changes of what muy be called a cycle system. Watt 
(1947) discussed the cyclic processes which take place in seven 
communities. He was particularly interested in determining how the 
community maintains and regenerates itself. In each of the seven 
communities the different kinds of patches are related to each 
other, and there is orderliness in the changes in an upgrade series 
and a downgrade series. The pattern of patches persists in each 
community. 

One such phasic cycle is in the dwarf Callunetum in the Cairn- 
gorms. Calluna vulgaris is at the peak of the upgrade series. After 
the death of Calluna, Cladonia silvatica becomes dominant on the 
Calluna stems if protected, otherwise Cladonia is present but not 
dominant. Then Cladonia disintegrates, bare soil is exposed, and 
there are some remains of the Calluna stems. This terminates the 
downgrade series. Arctostaphylos uva-ursi invades the bare area 
and completely occupies it; this initiates the upgrade series. Then 
Calluna invades the Arctostaphylos and becomes dominant; this 
completes the upgrade series and one cycle. In reality the phasic 
cycle in the dwarf Callunetum may and does consist of four, three, 
and two phases. The four-phase cycle has been reviewed. The 
two-phase cycle consists of the Calluna phase, a downgrade change 
to the Cladonia phase and then an upgrade change to the Calluna 
phase again to complete the cycle. The three-phase cycle consists 
of the usual Calluna phase, a downgrade series to the Cladonia 
phase and the bare soil phase, and then the upgrade series to the 
Calluna phase, without the Arctostaphylos phase. 

Kellogg (1934) discussed the genesis of solonetz or alkali soils, 
and Hanson and Whitman (1937) discussed plant succession on 
these soils in western North Dakota. This is a cyclic change system. 
In many areas there is a pattern of pitted patches which are bare 
or covered with a thin stand of weeds and low shrubs or grasses. 
The normal soil has a cover of Bouteloua gracilis, Stipa comata, 
Carex filifolia, C. stenophylla and Agropyron smithii. 

In the downgrade series, in the first stage, a saline soil is de- 
veloped by an excessive concentration of soluble salts in the upper 
layers. In the next stage, with an improvement in drainage, excess 
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soluble salts are removed and an alkali soil develops. Then a 
soloth is developed which has a reduced exchange capacity, and 
the Az horizon may be washed or blow away; the vegetation is 
destroyed in this stage. Grama grass (Bouteloua gracilis) usually 
persists as a dominant through the saline and alkali stages. In the 
saline stage, if the salts become too concentrated, Bouteloua 
gracilis may be replaced as a dominant by Agropyron smithii, 
Distichlis stricta or Puccinella nuttalliana. 

The significant processes in development of normal soil in the 
upgrade series are calcification and reduction of sodium. The 
vegetation stages of the upgrade series are the forb and low shrub 
Stages, first grass stage, second grass stage, and the final stage; 
distinctive soil characteristics are associated with each upgrade 
stage. In the forb and low shrub stage the exposed B, horizon is 
most commonly invaded by Polygonum erectum, Lepidium densi- 
florum, Atriplex nuttallii, A. argentea, Plantago elongata, Opuntia 
fragilis, lva axillaris, Salicornia herbacea, Distichlis stricta, Gutier- 
rezia sarothrae, Grindelia squarrose, Suaeda depressa, Salsola 
pestifer, Agropyron smithii and Eriogonum multicepes. The first 


grass stage is characterized by perennial grasses, the more impor- 
tant being Agropyron molle, A. albicans, A. smithii, Puccinellia 
nuttalliana, Schedonnardus paniculatus and Distichlis stricta. In 
the second grass stage buffalo grass (Buchloe dactyloides) is domi- 
nant; other grasses and forbs are of minor importance. 


INTERCOMMUNITY CYCLE 

Cyclic change has also been noted between two or more com- 
munities. This would be on a community, not on a microcom- 
munity, unit of analysis. Whittaker (1953) refers to the fluctuating 
climaxes of complementary communities, changing in time and 
space as described by Blake (1938), and to alternation of steppe 
and marsh vegetation in a given locality by Paczoski (1917). So 
far as is known, no examples of climax cyclic community change 
are known for an arctic or alpine area, although such a type of 
cyclic change might conceivably be found in those regions. 

A community cyclic change might have several phases com- 
parable to upgrade and downgrade sequences described by Wyatt 
(1947) and Coombe and White (1951) for microcommunity 
phasic cycles. Since a community cyclic change system would be 
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operative through a replacement change on a microccmmunity 
basis, it might be relatively difficult to differentiate cycles on the 
community and on the microcommunity units of analysis. 


DIRECTIONAL CHANGE 


A directional change is concerned with a non-cyclic, reasonably 
orderly sequence of perceptibly different communities, usually on 
a given site. A directional change from less to more complex com- 
munities may be considered as a progression. A directional change 
from more complex to less complex communities may be consid- 
ered as a regression. There are of course accompanying changes 
in the habitat in each or either case. 

The progression may be regarded as an overall trend or a 
general sequence of transformation (Braun-Blanquet, 1932) of 
plant communities or ecosystems which occupy an area (Dice, 
1952). It is a sequence of replacement of one community by an- 
other community of a different type, the result being a procession 
of communities on a given area (Cowles, 1911; Clements, 1916, 
1928; Cooper, 1922, 1923, 1926; Phillips, 1934-35; Weaver and 
Clements, 1938; Oosting, 1948; Dice, 1952). The degree of change 
from community to community is ultimately such that the change 
can be recognized, and the change may involve categories of com- 
munities (Cowles, 1911; Cooper, 1913, 1916, 1923, 1926, 
1939; Clements, 1916; Braun-Blanquet, 1932; Phillipps, 1934-35; 
Weaver and Clements, 1938; Clements and Shelford, 1939; Eg- 
geling, 1947; Dice, 1952; Whittaker, 1953). The actual change 
is gradual and continuous instead of a series of discrete steps 
(Cooper, 1913, 1922, 1923, 1926, 1939; Clements, 1916, 1928; 
Sampson, 1930; Tansley, 1935; Braun, 1936, 1956; Vaughan and 
Wiehe, 1941; Dansereau, 1946; Eggeling, 1947; Quarterman, 
i950; Brown and Curtis, 1952; Poore, 1955, 1956). There is 
usually a change of species composition, but in some cases it may 
be a change in the populations or quantitative relationships of the 
same species (Braun-Blanquet, 1932; Costello, 1944; Oosting, 
1944; Weaver and Darland, 1944; Dyksterhuis, 1948; Quarter- 
man, 1950; Piemeisel, 1951; Watt, 1955; Albertson et al., 1947). 
in either case there is a change in dominants. Within a given region 
the sequence of dominants tends to be the same (Clements, 1916; 
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Phillips, 1934-35; Weaver and Clements, 1938; Oosting, 1948a; 
Braun, 1956). 

If the habitat is altered, a change in the community will usually 
follow (Clements, 1916, 1928; Cooper, 1926; Braun-Blanquet, 
1932; Phillips, 1934-35; Weaver and Clements, 1938; Clements 
and Shelford, 1939; Oosting, 1948a). The change in habitat may 
be physical, such as improved drainage, or biotic, such as the accu- 
mulation of organic matter or shading (Clements, 1916; Braun- 
Blanquet, 1932; Weaver and Clements, 1938). A change in eco- 
system may also take place, conceivably without a change in habi- 
tat conditions, by a vigorous invading species replacing one or 
more of the previous dominants. For example, the spruce forest is 
gradually migrating over the watershed of the Scandinavian moun- 
tains from the Swedish side to the Norwegian side (Braun-Blan- 
quet, 1932). 

Each community or ecosystem is in its respective state of flux 
(Lindeman, 1942; Oosting, 1948a). Within a non-stable com- 
munity development takes place; there are biotic interactions 
(Clements, 1916, 1928; Clements and Shelford, 1939; Allee et al., 
1949). This gradual development of the vegetation results in a 
gradual change in the habitat. The habitat is of course also sub- 
ject to any physical changes which are taking place and which are 
independent of the biotic influences (Cowles, 1911; Clements, 
1928). The gradual change in habitat is such that the conditions 
become less suitable for the contemporary species which are then 
replaced by species better suited to the habitat, and thus a new 
type of community develops (Cowles, 1911; Clements, 1916, 
1928; Walton, 1922; Cooper, 1926; Phillips, 1934-35; Braun, 
1936; Watt, 1947; Allee et al., 1949). 

Actual development of a community and modification of the 
habitat are probably on an intracommunity basis. They consist 
of directional change sequences on smaller areas within the com- 
munity. The individual small area of development and change may 
differ in character from the surrounding community (Allee et al., 
1949; Dice, 1952; Braun, 1956) and differ in appearance (Cooper, 
1939; Costello, 1944; Hanson, 1950a, 1951; Richards, 1952; Watt, 
1955; Braun, 1956). These changes on the more minute areas of 
the community are completed before the replacement or change 
of the whole community has run its course (Allee et al., 1949). 
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Transitory units, in which directional changes occur within a 
few years, do exist (Faegri, 1937). Porsild (1939) noted the 
prevalence of pioneers, such as Rorippa barbareaefolia, Descu- 
rainia sophioides and Senecio palustris, in mining camps in Alaska. 
He stated that these species, “no doubt—pioneers on new soil— 
cannot successfully compete with the weedy type of perennials, 
such as Arctagrostis arundinaceae, Polygonum alpinum var. la- 
pathifolium and Artemisia Tilesii, which in a few years succeed 
them”. Polygonum alpinum var. lapathifolium is also one of the 
first perennial pioneers on new soil on slumping river banks and 
land slides. Porsild found near Nome, Alaska, that a mining dump 
abandoned 24 years earlier was completely covered with Stereo- 
caulon pascale and few tufts of Festuca brachyphylla. He noted 
that the flora invading bare soil in creek bottoms near Nome, dis- 
turbed by dredging for gold, “very much resembles that which is 
peculiar to fresh moraines, near a moving glacier”. 

On muddy sea beaches where the earliest invaders are Puccinella 
phryganodes, Stellaria humifusa and Carex ursina, the open stands 
formed by these species may be destroyed each year or so by wave 
or tide action, or changing water level. The proportion of each 
species may vary from year to year but without showing any trend 
toward greater cover. Such vegetation can hardly be considered as 
being permanently established, so it is concluded that directional 
change is not occurring. If, however, the vegetation is not com- 
pletely destroyed, and it does gradually increase in density, and 
other species such as Dupontia fisheri and Cochlearia officinalis 
are invading, then a trend toward greater stabilization and more 
diversified vegetation is taking place; directional change is then 
occurring. 

An interruption in the change sequence of communities may 
occur. A part or all of the community and habitat may be so 
changed that an earlier stage of the sequence or a less complex 
stage occupies the area, and the directional sequence starts to run 
its course again from that stage (Clements, 1916, 1928; Sampson, 
1919, 1923; Cooper, 1926; Lewis and Dowding, 1926; Porsild, 
1939; Stoddart and Smith, 1943; Palmer and Rouse, 1945). Such 
an abrupt change may be caused by fire, clearing by man, mining, 
grazing by livestock, wind throw, flooding deposition, landslip, 
snowslide, etc. (Cowles, 1911; Sampson, 1919; Cooper, 1922, 
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1939; Clements, 1928; Hanson and Whitman, 1938; Porsild, 
1939; Costello, 1944; Palmer and Rouse, 1945; Dyksterhuis, 
1949; Quarterman, 1950; Piemeisel, 1954; Albertson et al., 1957). 
Clements (1916), Phillips (1934-35) and others deny the exis- 
tence of a directional change which repeats in reverse order the 
stages of a succession. However, use of the term “retrogression” 
for a directional change essentially the reverse of succession and 
the existence of such changes have been supported by several in- 
vestigators (Cowles, 1901, 1919; Moss, 1910, 1913; Cooper, 
1916, 1926; Gleason, 1917, 1927; Walton, 1922; Lewis and 
Dowding, 1926; Tansley, 1935, 1939; Zach, 1950; Albertson et 
al., 1957). Whittaker (1953) states that the concept is subjective. 
Gleason (1927) supported the existence of actually reversible di- 
rectional change; Godwin (1929) and Asprey and Robbins 
(1953) thought that some directional changes might be considered 
as deflected development. 

It has already been mentioned that the directional change may 
be a regression. The causative agent for a directional change to a 
regression may be climatic, grazing by domestic animals, browsing 
by wildlife, trampling, reactions of plants, erosion, deposition, 
repeated flooding, etc. (Cowles, 1911; Clements, 1916, 1928; 
Sampson, 1919, 1923; Lewis and Dowding, 1926; Stoddart and 
Smith, 1943; Palmer and Rouse, 1945; Watt, 1947). For the 
direction of change to be maintained as a retrogression, the causa- 
tive agent must continue its influence to at least a certain intensity, 
such as a uniform rate of deposition (Cowles, 1911), persistence 
of polygons (Walton, 1922) or haymaking (Selander, 1950). 

Ellison (1954) has given the average number of shoots per 
year by species for periods from 1913 to 1948 on grazing exclos- 
ures and grazed plots in several subalpine communities of the 
Wasatch Plateau, Utah. The trends on the ungrazed and grazed 
quadrats in the several communities are discussed. Such data are 
indicative of the magnitude and types of change which may be 
expected in several successional communities over a given period 
of time. 

Stages in the directional change or sequence of communities 
can be recognized. The changes from the initial establishment of 
vegetation on an area to the terminal community are continuous. 
However, a given group of species will reach a peak of dominance 
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at a certain stage of the sequence. Then as the dominance of this 
group decreases, the dominance of another group of species will 
develop to a maximum (Weaver and Clements, 1938). This group 
of species is then characteristic of an indicator of its respective 
stage of the directional change sequence (Allee et al., 1949). The 
change from one stage to the subsequent stage may be especially 
prominent when there is a change of life-form of the dominant 
species (Weaver and Clements, 1938). There are certain general- 
ities which can be made concerning the trends in communities 
when the directional change is a progression. There is an increase 
in productivity per unit of area, in organic mass per unit area be- 
cause of the presence of the larger life-forms, in complexity and 
diversity of species and life-forms, and in the relative stability and 
regularity of the populations. The soil and the other aspects of the 
habitat go through progressive development too (Clements, 1916; 
Whittaker, 1953). 


FLUCTUATION CHANGE 


Fluctuation change is a random fluctuation about an average. 


Any given habitat, even a long persisting type of habitat, is never 
static, irrespective of the time scale which may be used as a 
frame of reference. The organisms in this habitat have adaptability 
to this habitat and its changes, and react to such changes in an 
individual and in a collective manner. This discussion is meant to 
apply primarily to a steady-stage community, but in a limited time 
sense the discussion is also applicable to a community which is in 
a state of directional change. Regular, cyclic changes of habitat 
need not be considered, such as the usual diurnal daylight and 
darkness, progression of the seasons, and their general attendant 
conditions. It may be assumed that the habitat of the steady-state 
community is not changing with any specific long term trend, but 
there are normal, random variations which are to be expected for 
the respective locality. 

The physical factors which are acting in a habitat are constantly 
fluctuating. Some individual factors may change independently of 
the other factors so that there is an infinite complexity of habitat 
conditions over either a short period of time or a long period 
(Cowles, 1911; Dice, 1952). These changes of individual factors 
and of combinations of factors are fluctuations about their respec- 
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tive averages and are expected (Visher, 1949; Pigott, 1956). The 
ranges of such variations are undoubtedly within circumscribed 
limits for the region, locality and site, respectively. The climatic 
elements generally vary from year to year in a random and thus 
unpredictable manner. 

The fluctuations may occur over a large area, such as a climatic 
region, biotic province, geographical region or physiographic prov- 
ince. Generalized information is usually available concerning some 
such areas. For example, with respect to climatic information, the 
existing meteorological net might be considered as applicable to 
such large areas (Visher, 1946, 1949, 1950). Fluctuations occur 
in a local area comprising several communities; the present meteor- 
ological net furnishes only limited climatic information at this 
scale of area. The variation in the date of snow disappearance, as 
discussed by Ellison (1954), is indicative of local variation. There 
are also fluctuations between stands and within stands; the me- 
teorological net furnishes no significant climatic information at 
this scale of area, although there have been limited meteorological 
studies of such small areas. 

The concern is not with cyclic variations, for instance, of clim- 
ate. Periodic cycles of various periods and amplitudes have been 
postulated, and an attempt has been made to correlate these with 
variations of other factors. However, there has been no general 
agreement by climatologists concerning the types of climatic cycles 
that are to be recognized, nor on the period of each type of cycle 
(Dice, 1952). 

The fluctuations of interest are usually not perceptible with just 
observation, especially if for short period of time. Detailed observa- 
tion and analysis of some factors, for instance, available soil mois- 
ture and instrumentation of other factors such as soil temperature, 
air temperature and precipitation, are necessary over a considerable 
period of time to reliably determine the nature of fluctuation 
changes. The variation in the time of the final disappearance of 
snow in a subalpine area of the Wasatch Mountains, Utah, as 
reported by Ellison (1954), is one example of a fluctuation change 
of an environmental factor. 

If there is a fluctuation in the habitat, then a fluctuation type of 
change is expected in the community. It is not possible to deter- 
mine or state in a simple manner the type and magnitude of fluc- 
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tuation in the community which result from a complex fluctuation 
in the habitat. Fluctuation in the community is the result of the 
dynamics of both the habitat and the community itself (Weaver 
and Clements, 1938). The resultant fluctuation in the community 
might be manifest in one or a combination of ways, such as change 
in composition, dominance, abundance, phenology and growth rate 
(Costello and Price, 1939; Weaver and Darland, 1944; Weaver 
and Bruner, 1945; Watt and Jones, 1948; Ellison, 1954). 

The seasonal variation in the stage of vegetative development 
can be related to the fluctuation of a habitat factor or complex of 
factors. Costello and Price (1939) observed the development of 
several subalpine species in Ephraim Canyon, Utah. The date of 
blooming of seven species had a range of 44 days, and this was re- 
lated to the date of snow disappearance which had a range of 19 

days (Ellison, 1954). 

The fluctuation change may or may not be of sufficient _— 
tude or at a sufficient rate to be perceptible. A change which is 
not perceptible, even by careful analysis, need not be considered. 
However, with the perceptible changes it is of interest to consider 
the manner in which the changes are manifest. 

Many communities persist for long periods of time with only 
minor fluctuations in composition (Dice, 1952). The fluctuations 
in a steady-state community are rarely of such magnitude that any 
species is completely eliminated from a community (Dice, 1952). 
It would be expected that fluctuation change would be manifest 
less with a dominant and characteristic species. Composition 
change would probably be less as the steady-state condition is 
approached. Ii there is actually a change in species composition, 
then such a change would be of relatively temporary duration 
(Weaver and Clements, 1938; Dice, 1952). 

Fluctuation might be manifest in the abundance of a species. 
Changes in abundance would probably be more prominent than 
changes in composition. Most species probably exhibit only slight 
to moderate changes in abundance (Dice, 1952). The fluctuation 
of abundance of each species tends to be damped and to vary 
around a more or less intermediate position (Dice, 1952). The 
amplitude of fluctuation in abundance undoubtedly would be less 
for the communities as the steady-state condition is approached. 

If fluctuation changes are of sufficient amplitude to be signifi- 
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cant and of sufficient prominence to be recognized, then it would 
be important to differentiate such changes from other types of 
changes—directional or successional change and cyclic change— 
so that there would be no confusion as to the type and significance 
of the changes. It is obvious that when the random variations are 
not perceptible, there is neither a point of confusion nor a basis 
for lack of agreement. So far as has been determined, no extensive 
studies have been made in arctic and alpine areas to determine 
either the environmental fluctuations or the vegetation variations. 
It is obvious such a study would require detailed data and analyses 
over a period of time. 


CHANGES IN SPACE 

To this point in the discussion the changes have been considered 
as being within community boundaries. Now changes of a different 
type will be considered, changes of communities in space. These 
changes, or the mosaic of communities, result from the distribution 
of environmental gradients (Holttum, 1922; DuRietz, 1925b; 
Osvald, 1925; Summerhayes and Elton, 1928; Madson, 1936; 
Arwidsson, 1943; Bocher, 1949, 1954; Gjaerevoll, 1949; Whit- 
taker, 1953, 1957; Braun, 1956). 

It has already been mentioned that environmental gradients of 
significant magnitude do occur, that they usually persist for a 
very long period of time, and that there is no known extensive 
area with a uniform environment from an ecological viewpoint. 

The pattern of habitats is probably not so discrete as the com- 
munities thereon (Whittaker, 1953). The ecotone between two 
communities should be a reliable indicator of the steepness of 
environmental gradient between the communities (Eggeling, 1947; 
Whittaker, 1953; Curtis, 1955; Braun, 1956). If there is little 
or no ecotone, then the environmental gradient is usually of great 
magnitude, for example, between a sedge marsh and a dwari 
shrub heath. Bryophytes should be especially good indicators of 
environmental gradients in arctic areas (Steere, 1954). However, 
if the ecotone is broad and not well defined, the environmental 
gradient must be of low magnitude. 

The snow-field pattern of vegetation in relation to environmental 
gradients is common in arctic and alpine regions. It has been pre- 
sented in detail by several Scandinavian writers (Nordhagen, 1943; 
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Gjaerovoll, 1950, 1952). The environmental gradients are formed 
by variations in the depth of snow, duration of the snow cover, 
exposure to wind during winter and summer, length of the grow- 
ing season, amount and duration of soil moisture above given level 
of saturation, and winter temperatures in the soil, air and snow- 
cover. The common zonation on lime-poor soil along the gradients 
from the exposed top of a ridge to the base of a slope is as follows: 
(a) Empetrum hermaphroditum-Loiseleuria procumbens commu- 
nity, snow-cover very thin or not present, exposed to strong winds; 
(b) Betula nana community, snow-cover thin, less wind; (c) Vac- 
cinium myrtillus community, complete snow-cover which melts 
relatively early; (d) Deschampsia flexuosa community, deep snow- 
cover that melts late; (e) Salix herbacea community, very deep 
snow-cover that melts very late or not at all some years. 

There may also be spatial changes within a community (Os- 
vald, 1925; Braun, 1936, 1956; Porsild, 1938; Sjérs, 1948; Met- 
calfe, 1950; Hanson, 1951). These changes are also caused by 
significant environmental gradients. These gradients or microgra- 
dients within the community might in some cases be as great as 
or greater in magnitude than the gradient between two commu- 
nities. The differences in the Calluna, Cladonia, bare soil and 
Arctostaphylos phases of the dwarf Callunetum described by Watt 
(1947) could be greater than the difference between this commu- 
nity and the adjacent community. The magnitude of microgra- 
dients within each community is probably distinctive for the 
respective community. 

During a long period of time the actual spatial position of condi- 
tions of the environmental gradients may change. This may be due 
to slow acting geological processes, among them, normal geological 
erosion, block uplift, glacial retreat and climatic change (Cowles, 
1911; Cooper, 1939, 1942a; Lawrence, 1950). Such changes 
would be at a rate so that no significant change would occur dur- 
ing the period of field study conducted by one investigator in most 
cases. The same pattern of communities would persist, even though 
the spatial disposition of each would change. 


Rate of Change 


The rate of any type of change is of interest and importance. 
It would be of material assistance in the analysis of changes within 
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a community and between communities, if the rate of each change 
were known in absolute terms, or if not in absolute terms, then in 
relative terms. 

The permanence of many communities in arctic and alpine areas 
indicates that changes in the habitat are not significant or that the 
species present in rapidly changing habitats, such as solifluction 
areas, are adapted to them. The duration and stability in Scan- 
dinavia of arctic and alpine plant communities, not influenced by 
man, has been stressed, even of the half-open grass heaths such as 
Kobresia myosuroides—heath and Festuca ovina—heath (Nord- 
hagen, 1943; Selander, 1950). Polunin (1934-35) thought that 
the habitats and vegetation of polygons on Akpatok Island had 
changed very little in 1,000 to 2,000 years. 

The numerous arctic and alpine species which survived glacia- 
tion in refuges, as indicated by biogeographic evidence (Dahl, 
1955; Selander, 1950), have had a long time in which to form 
communities of great stability. Evidence for the great age of the 
arctic and alpine flora in Scandinavia is seen particularly in the 
relatively large number of endemic species and the presence of a 
large west arctic element comprising many species of herbs, lichens 
and mosses. This element is present also in Iceland and Greenland 
as well as being widely distributed in North America (Dahl, 
1955). 

The rate of development or directional change of a lichen com- 
munity may be indicated in that lichens of the family Umbelica- 
riaceae require several hundred years to attain full growth, Dahl, 
1955). These lichens are absent where solifluction occurs. 


CRITIQUE OF CONCEPTS 


The types, rates and areas of change should be analyzed in rela- 
tion to succession, classification and especially to climax concepts 
in their evaluation as to applicability to arctic and alpine com- 
munities. This is concerned, at least in part, with determining which 
changes are acceptable and significant within the framework of 
these concepts. Change is characteristic of all communities, no 
matter what the area of interest, stage of development, location, 
etc. The analysis is confounded to a degree, since unanimous 
agreement does not exist with respect to succession, climax and 
classification concepts, whether applied to arctic and alpine areas 
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or to other areas. The particular viewpoint accepted or rejected 
for each theory of each concept will affect the significance assigned 
to each change. 


Change Characteristic of Steady-State Community 


Change is characteristic of ecosystems at all times and in all 
places. When directional change is taking place and can be rec- 
ognized no question can be raised. Even in the steady-state changes 
are taking place in space and time (Clements, 1916; Osvald, 1923, 
1949; Tansley, 1935, 1939; Godwin and Conway, 1939; Jones, 
1945; Watt, 1947; Oosting, 1948a; Whittaker, 1953; Braun, 
1956). Change is taking place even in steady-state half open com- 
munities of the Kobresia myosuroides—heath and Festuca ovina— 
heath (Selander, 1950). 


Criteria of Climax : 

The criteria of a climax stand are primarily to differentiate it 
from a successional stand. It must be considered that the differen- 
tiation is both subjective and relative (Cowles, 1901; Cooper, 
1913; Gleason, 1927; Tansley, 1939; Whittaker, 1953). Therefore, 
the criteria of the climax cannot be specific. Each criterion is in- 
dependent of the other criteria, to a degree. Furthermore, each 
criterion may have enough exceptions so that it cannot be used 
exclusively of the other criteria. The criteria must be used with a 
degree of subjectivity which is dependent upon the skill and judg- 
ment of the investigator. 

The community is in the steady-state with respect to produc- 
tivity, structure and population with the dynamic balance of its 
populations determined in relation to its respective site. The com- 
munity has a maximum diversity, relative stability and regularity 
of the species populations within each stand and thus between the 
stands of a given climax type. Each stand is self maintaining and 
relatively permanent (Clements, 1916; Tansley and Chipp, 1926; 
Cain, 1932; Phillips, 1934-35; Jones, 1945; Whittaker, 1953; 
Dansereau, 1954). The stand persists for a long period of time 
with little or no change, and such change is an interplay of popu- 
lations which are fluctuation changes (Whittaker, 1953), even 
though replacement change on a microcommunity basis may be a 
phasic cycle. There is no start and no end of such fluctuation 
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change in time. The given climax type is characterized by its phy- 
siognomy or regularity in appearance within stands and between 
stands. However, a maximum of spatial stratification can be ex- 
pected, and this balanced pattern of several growth forms and 
maximum diversity of species provides an organization which per- 
mits maximum utilization of the environment (Dansereau, 1946) 
and maximum production on a sustained basis. 

The composition and population of the climax are determined 
by all environmental factors of the mature ecosystem not by any 
primary factor. These factors are the properties of each species, 
biotic interrelations, floristic and faunistic availability, chances of 
dispersion, interaction, soils, climate, and there may be special 
factors such as fire, wind, snow, salt spray, etc. (Tansley, 1935; 
Whittaker, 1953; Braun, 1956). 

Climax vegetation may be considered, according to Whittaker 
(1953), as a pattern of populations corresponding to the pattern 
of environmental gradients, for the balance among the populations 
changes with a change on the environmental gradients. The veg- 
etation pattern is more or less diverse as the environment is di- 
verse. The composition of the climax type is meaningful only to the 
respective spatial position on the environmental gradient. There 
is convergence or succession to similar structural-functional popu- 
lation patterns in similar environments, yet this is partially inde- 
pendent of the original environmental conditions and the course 
of development. There is a regularity between stands on similar 
sites, and any variations usually indicate the degree of stabiliza- 
tion. 


Review of Climax Concepts 


It is desirable to briefly review the interpretations of the climax, 
succession and classification concepts. The interpretation accepted 
or rejected for each will determine the significance which would 
be placed on each change. 

The monoclimax concept is based on the development of a 
sequence of successional communities and modification of environ- 
ment such that the terminal community is relatively stable and is 
determined by climatic control (Clements, 1916, 1936; Braun- 
Blanquet, 1932; Phillips, 1934-35; Weaver and Clements, 1938; 
Cain, 1939; Dansereau, 1946; Oosting, 1948a). The basic unit 
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is considered to be a discrete unit, the formation, which is char- 
acterized especially by physiognomy. It is fundamental that theor- 
etically, irrespective of how great the magnitude of difference in 
environment to begin with, the development should result in con- 
vergence, one climax in one environment controlled by the climate. 
All communities in an area are then definable as a climax com- 
munity or as several communities which succeed one another to the 
climax. Acknowledgement is made that there is a mosaic of per- 
manent communities in an area which have the attributes of a 
climatic climax community. However, all such permanent com- 
munities other than the climatic climax are considered as related 
by successional development to the climatic climax. Even though 
some such permanent communities are evidently controlled by 
environmental factors other than the climate, it is presumed these 
communities have the potential to change to the climatic climax. 
The monoclimax theory stipulates that there is only one terminal 
type of climax community in an area (Whittaker, 1953). 

The polyclimax concept is based on a mosaic of climax types 
which corresponds to the mosaic of habitats or environmental 
gradients (Tansley, 1935). The discrete climax associations may 
or may not be related to each other to varying degrees, but such 
relationships are not essential and they need not be related by 
successional sequences. Some of the climax types may have the 
same physiognomy but different populations on similar sites. 
Furthermore, climax types are not defined exclusively on the basis 
of the climate, but the environment is considered as a whole. For 
any given area there is an implication that there is a limit to the 
number of climax types (Whittaker, 1953). 

The population pattern climax concept is based on three prin- 
ciples, according to Whittaker (1953), as follows: “(1) The 
climax is a steady-state of community productivity, structure, and 
population, with the dynamic balance of its populations determined 
in relation to its site. (2) The balance among populations shifts 
with change in environment, so that climax vegetation is a pattern 
of populations corresponding to the pattern of environmental gra- 
dients, and more or less diverse according to diversity of environ- 
ments and kinds of populations in the pattern. (3) Since whatever 
affects populations may affect climax composition, this is deter- 
mined by, or in relation to, all “factors” of the mature ecosystem— 
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properties of each of the species involved, climate, soil and other 
aspects of site, biotic interactions, floristic and faunistic availability, 
chances of dispersal and interaction, etc. There is no absolute 
climax for any area, and climax composition has meaning only 
relative to position along environmental gradients and to other 
factors.” The analysis is of plant populations and gradients, not 
of discrete units such as a plant community. The diversity of 
climax stands is recognized and there is no specific limit to the 
number of types of climax stands in a given area. 

A comparison of the climax concepts is desirable. The mono- 
climax, polyclimax and population pattern climax concepts are in 
agreement on three points. In the climax directional change has 
ceased (Clements, 1916, 1936; Cain, 1932; Phillips, 1934-35; 
Tansley, 1935; Weaver and Clements, 1938; Whittaker, 1953). 
The steady-state has been reached (Whittaker, 1953; Braun, 
1956) and any change would have to be within the framework of 
the steady-state. Each has a diversity of permanent communities 
with attributes of the climax (Clements, 1916, 1936; Cain, 1932; 
Tansley, 1935; Whittaker, 1953; Braun, 1956). The arrangement 
or spatial distribution of such climax type communities is in ad- 
justment with the habitats (Clements, 1916, 1936; Cain, 1932; 
Phillips, 1934-35; Tansley, 1935; Whittaker, 1953; Braun, 1956). 

The three climax concepts differ in other respects. Change within 
the framework of the steady-state should not change the status or 
specification of the climax community under the monoclimax and 
polyclimax concepts. It is conceivable that a change in the popu- 
lations of one or more species in a stand can be interpreted as a 
fluctuation change or a cyclic change characteristic of a steady- 
state under the monoclimax and polyclimax; but such a change 
could conceivably produce a new population or a new climax type 
according to the population pattern climax concept. The use of 
discrete units in the monoclimax and polyclimax concepts (Clem- 
ents, 1916; Tansley, 1935) and the lack of discreteness in the 
population pattern climax concept (Whittaker, 1953) may cause 
some of the lack of agreement. Any change of community specifi- 
cation under the monoclimax or the polyclimax concepts would be 
a directional change. 

Another difference between the concepts is with respect to the 
number of climax type communities which are or can be present 
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in a given area. The limits of a formation are defined by the 
climate under the monoclimax concept. Within this formation there 
is only one climax, the climatic climax (Clements, 1916, 1936). 
Within the same climatic area there may be several to many 
climax type communities in the polyclimax concept but there 
is a limit to the number of climax communities in this climatic 
area (Tansley, 1935; Whittaker, 1953). On the other hand, there 
is no limit to the number of climaxes in the population pattern 
climax concept( Whittaker, 1953). Braun (1956) agrees that there 
are more than one climax type in an area, maintains that the 
monoclimax is impossible, that the polyclimax is questionable, and 
that there is a mosaic or pattern of intergrading climax type com- 
munities but not as advocated by Whittaker (1953). Probably one 
reason there is a limit to the number of climax types under the 
polyclimax concept is that discrete units are used, while there is 
no such limit under the population pattern climax concept, since 
discrete units need not be used. 

The status of the stable, permanent communities varies with 
the respective climax concepts. The climatic formation is the only 
climax in the most definitive sense in the monoclimax concept 
(Clements, 1916, 1936; Phillips, 1934-35). There would be a 
very limited number of climax communities, say, two to five asso- 
ciations, in the climax formation. For example, Weaver and Clem- 
ents (1938) described the Tundra: Carex-Poa formation which 
consists of three associations, namely, (a) Arctic tundra: Carex- 
Cladonia association, (b)Petran tundra: Carex-Poa association, 
and (c) Sierran tundra: Carex-A grostis association. All other per- 
manent, climax-like communities would be related to the climatic 
climax and have the potential to develop into climax communities. 
Many communities considered as climax, according to the poly- 
climax and population pattern climax concepts, are considered 
seral in the climatic climax theory or as part of the superorganism 
in this concept (Clements, 1936; Phillips, 1934-35). Commensu- 
rate with this is major emphasis on succession. Convergence to 
the climatic climax is an important requirement of the monoclimax 
theory (Clements, 1916, 1936), but convergence is not essential 
to the other two theories (Tansley, 1935; Whittaker, 1953) Braun 
(1956) maintained there is a tendency for convergence but it would 
not terminate in one climax community, even though none of the 
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three climax concepts is accepted. Furthermore, a climax formation 
is characterized by one life-form, the highest life-form possible in the 
given climate. Any other stable, permanent communities of a dif- 
ferent life-form are not climax in the monoclimax concept (Clem- 
ents, 1916, 1936; Cain, 1932; Phillips, 1934-35; Dansereau, 1947; 
Oosting, 1948a) but may be climax in the polyclimax and popula- 
tion pattern climax concepts (Tansley, 1935, 1939; Whittaker, 
1953). 

In the monoclimax concept the role of climate is considered as 
primary and other environmental factors have subordinate roles 
(Clements, 1928; Dansereau, 1954, 1957). Various other environ- 
mental factors may prevent development to the climatic climax 
(Clements, 1928). On the other hand, in the polyclimax and popu- 
lation pattern climax concepts, the ecosystem, including the total 
environment, is emphasized so that different combinations of fac- 
tors may be limiting for the climax (Cooper, 1926; Tansley, 1935, 
1939; Beadle, 1951; Whittaker, 1953; Gorham, 1955; Sjérs, 1955; 
Braun, 1956). 


Review of Succession Concepts 


Succession may be recognized for all vegetation change (Cooper, 
1926; Gleason, 1927), in a broad sense, as the process in which 
plant populations within a community are replaced by other popu- 
lations, or less often, in changes in dominance of existing popula- 
tions, resulting in a different community. The term may also be 
applied in a more limited sense to the development to a climax 
on a given site (Major, 1951) which is preferred by Whittaker 
(1953) for a better distinction between succession and climax. 

Succession is commonly considered as a progressive development 
from a more simple kind of community to a more complex com- 
munity which usually involves increases in one or more of diversity, 
stability, productivity, self-maintenance, uniformity within and be- 
tween stands, and soil maturity (Cowles, 1911; Clements, 1916, 
1936; Cain, 1932; Braun-Blanquet, 1932, 1951; Faegri, 1933; 
Phillips, 1934-35; Tansley, 1935; Braun, 1956; Dansereau, 1957). 
This may be considered as a positive directional change or a 
progression. This directional change usually has a starting point 
and a terminal point which is the climax type (Jenny, 1941; Major, 
1951; Whittaker, 1953). The increase in complexity may be mani- 





CLIMAX IN ARCTIC AND ALPINE VEGETATION 155 


fest in an increased layering of life forms, and the stature of the 
dominants is usually increased. This is related to an increased mass 
per unit area and usually to an increased production of matter 
per unit area (Whittaker, 1953). The course of the directional 
change can usually be predicted with a reasonable degree of re- 
liability. The directional change is on a continuum rather than by a 
series of discrete steps, although subjective vegetation stages can 
be recognized (Cowles, 1911; Cooper, 1913, 1926; Clements, 
1916, 1936; Braun-Blanquet, 1932; Phillips, 1934-35; Braun, 
1936, 1956; Dice, 1952; Whittaker, 1953; Dansereau, 1957). The 
directional change is not straight or specific; it is subject to a 
great deal of variation (Cooper, 1926; Langenheim, 1956). In 
some cases successional stages may be skipped or added, or the 
course of change may be compressed or extended (Cooper, 1916; 
Whittaker, 1947; Langenheim, 1956). Use of the term “succes- 
sion” need not imply the necessity for a large number of commu- 
nities, such as a hydrosere or a xerosere, in which meaning Walter 
(1954) considered the succession doctrine as hardly tenable. 

For a directional change from the more complex to the less 
complex community the term “retrogression”, or “degradation”, 
is often used (Cowles, 1901; Moss, 1913; Cooper, 1916; Gleason, 
1917; Walton, 1922; Lewis and Dowding, 1926; Tansley, 1935, 
1939; Zach, 1950; Albertson et al., 1957). There are usually de- 
creases in one or more of the attributes of a succession, that is, 
of complexity, diversity, stability, productivity, self-maintenance, 
uniformity within and between stands, and soil maturity. There is 
not agreement concerning the specific use of the term “retrogres- 
sion” (Whittaker, 1953), and the differences of opinion are of 
significance from the viewpoint of analyzing changes. Clements 
(1928) maintained that a development backward is impossible. 
This may be true on a community unit of study. However, in a 
phasic cycle replacement change (Watt, 1947), that is, on a 
microcommunity basis, the downgrade change might be considered 
as developmental. The change backward or downgrade need not 
recapitulate the successional stages (Watt, 1947); it probably has 
a different course and is characterized by different stages. However, 
there are actual reversible changes which have been discussed by 
Gleason (1927), and such a change might be designated as a 
reversible change in contrast to a retrogression which is not speci- 





156 THE BOTANICAL REVIEW 


fically reversible. Whittaker (1953) has mentioned that a retro- 
gression should better be considered as a directional change which 
has turned backward at an angle different from the original devel- 
opment. In some cases the course of the succession directional 
change may be so modified that it could be termed a deflected 
development (Godwin, 1929; Asprey and Robbins, 1953). If such 
a deflected development results in actual decrease in successional 
attributes, it could be considered as a retrogression. However, if the 
deflected directional change continues to have the attributes of 
progression change, then the change is still successional but the 
course of the directional change is different than usually expected. 
There may also be an arrested progressive change; the course of 
succession is stopped because of the limit by one or more factors. 
In this case there is no further directional change, and such a com- 
munity could be considered as climax (Tansley, 1935; Whittaker, 
1953; Sjérs, 1955) in the polyclimax or population pattern climax 
concepts. An analysis of any and all these types of directional 
changes must consider that these are subjective to a degree ( Whit- 
taker, 1953). 

The identification or differentiation of climax communities and 
of successional changes are beset by many problems. Exceptions 
to the attributes discussed make caution necessary. The composi- 
tion may vary between different locations of the same succession 
(Faegri, 1933). The same species may be present in both seral 
and climax communities. The same community may be succes- 
sional in one locality, climax in another locality, and the same 
community may even be successional and self-maintaining or cli- 
max at different times (Tansley, 1939). In the course of succes- 
sional changes the fluctuation type changes may cause irregular 
and non-directional changes which tend to obscure directional 
change. 

In order to determine that a directional or successional change is 
taking place it is necessary either to follow the course of change 
on the given site or to use circumstantial evidence, the latter 
usually being the presence of a successional community. Much 
more research like that of Cooper (1931, 1939) at Glacier Bay, 
Alaska, is needed to yield reliable evidence that succession is 
actually occurring. 

Areas of agreement and areas of disagreement exist between 
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the three climax concepts and the successional concepts. The cli- 
max and succession concepts adopted by an investigator will deter- 
mine his interpretation of changes that occur in a community. Or 
we might say that a particular change may be interpreted in more 
than one manner, depending upon the climax and succession con- 
cepts by the investigator. 


Review of Classification Systems 


Changes, climax concepts and successional concepts affect the 
design and utility of vegetation classification systems. Any classi- 
fication system is subjective, to a greater or lesser degree, since 
it is designed to arrange an infinite variety of conditions into a 
workable number of more or less discrete and meaningful units 
which are significant as working tools for research. The design is 
to provide for grouping like units and to show the relationships of 
these units to each other, the latter being accomplished by grouping 
basic units into higher levels of abstraction. 

The Clementsian classification system is based on the mono- 
climax concept. The primary emphasis is that there is only one 
climax type community for an area and that all other communities 
must be classified in successional series. The one climax type for 
the area is climatically controlled so that any other communities 
which are in the steady-state controlled by a factor or factors 
other than climate must then be classified as successional and 
factor-limited. Determination of only one climax type controlled 
exclusively by climate presents a major objection. The resultant 
climax type, according to Clements (1928), is a formation which 
in itself consists of at least one and may even consist of two or 
more associations, using his terminology. The climax type unit is 
then at a high level of abstraction and emphasis is placed on 
physiognomy. Even though it is recognized that more than one 
type of permanent and stable community is in the steady-state, 
all except the climatic climax community must be classified as 
seral communities, even though these be assigned modified climax 
terms. 

The Braun-Blanquet classification system (Braun-Blanquet, 
1932; Poore, 1955-56) is on a floristic basis, essentially fidelity, 
with little or no consideration of dominance and habitat. There is 
considerable emphasis on the climatic climax or a single climax. 
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The grouping at higher levels of abstraction is primarily on a 
floristic rather than on a successional basis. Succession is treated 
within the framework of the classification system rather than being 
the framework of the classification system. 

The Scandinavian system of classification is based on the domi- 
nance and exclusiveness of species, and the habitat is taken into 
consideration. Emphasis is on detailed analyses of the basic unit, 
the association and the all factor habitat of this association. This 
association would usually occupy less area than a community of 
the Clementsian classification when both are applied to the same 
area. Climax and succession are treated within the classifica- 
tion system. The relationships of the various associations to each 
other is adequately treated within the framework of the system by 
the grouping of the higher levels of abstraction. It is a phytosocio- 
logical system based on the rather detailed floristic relations of the 
associations. The complete pattern of associations and habitats is 
handled without forcing into a successional system. The basic 
unit, the association, can be recognized and analyzed on the ground 
without having to force it into an inflexible successional scheme. 

The Clementsian and Braun-Blanquet classification systems 
place emphasis on a single, climatic climax. The Clementsian sys- 
tem is on a successional basis, while the Braun-Blanquet system is 
on a floristic basis. The Scandinavian system is based on the floris- 
tic relationships of species in associations and all factor habitats. 
This system is then adaptable to a multiclimax type of concept. 


Review of Arctic and Alpine Studies 


A number of arctic and alpine studies will be reviewed with 
respect to environmental gradients, the presence of steady-state 
communities on the respective gradients, changes taking place 
within these communities, and directional change communities. 
They will then be analyzed with respect to climax and succession 
concepts. 

Summerhayes and Elton (1928) noted the occurrence of com- 
munities in accord with environmental gradients, in their state- 
ment: “At first sight, the plant and animal communities of Spitz- 
bergen seem to vary from place to piace in a most bewildering 
manner; but further analysis shows that these local differences can 
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be related, in almost every case, to the interaction of four environ- 
mental factors, viz. climate, underlying rock, manuring by sea- 
birds, and water-supply. Owing to the marked differences of cli- 
mate between the northeastern and western regions, and the great 
variety of rock-types (which include dolorite, gneiss, granite, 
shales, sandstones, and limestones, together with raised beaches 
and boulder-clay) it is possible to find almost every combination 
of climate and rock, each with its own effect on the life which it 
supports.” . . . “The climatic gradient produced by the meeting 
of the Polar ice-pack with the Gulf Stream, brings about a corres- 
ponding gradient in the types of vegetation. This gradient can be 
divided naturally into four zones, (1) Barren Zone, (2) Dryas 
Zone, (3) Cassiope Zone, and (4) the Inner Fjord or Empetrum 
Zone. This gradient in plant communities has also been traced in 
the communities of land-animals, and in the intertidal fauna. By 
combining all these lines of evidence we have constructed a pro- 
visional map showing the main life-zones for the whole of the 
Spitzbergen archipelago. These zones can be traced on a much 
broader scale right across Greenland and Arctic Canada, and in 
the mountains of northern Scandinavia; and they demonstrate the 
very high-arctic character of Spitzbergen communities”. 

An area may be divided into vegetation zones based on an al- 
titudinal gradient. For example, Liidi (1921) distinguished six 
climax areas in the Lauterbaunnen Valley of the Bernese Alps: 
(a) Fagetum silvaticae up to 1,200 meters; (b) Piceatum excelsae 
1,200 to 1,900 meters; (c) Rhodoretum ferruginei 1,900 to 2,100 
meters; (d) Nardetum 2,100 to 2,300 meters; (e) Caricetum cur- 
vulae 2,300 to 2,700 meters, (f) Gyrophoreum above 2,700 
meters. 

The dwarf shrub-heath in Skilsdalen, Norway, was divided by 
Nordhagen (1943) into two alliances which differ in relative 
species composition and abundance chiefly in response to the 
amount and duration of snow cover in the habitat. The more 
xeric of these alliances had seven associations, of which one of 
the most important, the dwarf birch-crowberry-heath, Empetreto- 
Betuletum nanae, will be discussed in some detail as an example 
of a pattern in relation to environmental gradients. 

This dwarf birch-crowberry-heath was separated by Nordhagen 
into four sociations, chiefly on the basis of differences in the pro- 
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portion of several species of lichens; Betula nana, the chief vascular 
dominant, is found in about equal abundance in each sociation. 
The Betula nana-Alectoria ochroleuca sociation occurs in sites 
that have the least snow cover, dry most rapidly in the spring, 
and are so exposed to the wind that pieces of the lichen mass are 
torn loose. It is characterized by high frequency and cover of the 
lichen, Alectoria ochroleuca. There also are other wind-resistant 
lichens. The second community, the Betula nana-Empetrum her- 
maphroditum-Cetraria nivalis sociation, often alternating with the 
former community, is found in depressions in rough terrain and in 
more sheltered sites, so that it has more snow cover and is less 
exposed to the wind. The third, the Betula nana-Cladonia alpestris 
sociation, is characterized particularly by the vigor and height of 
C. alpestris. It occurs in still better protected sites, the snow cover 
is deeper and lasts longer, and it is less exposed to the wind. The 
site is weakly mesic in contrast to the previous xeric ones and there 
are indications in the soil profile of weak solifluction. The fourth 
community, the Betula nana-Cladonia rangiferina-C. silvatica so- 
ciation, which is characterized by these two lichens, more moss 
and Salix glauca, tolerates still deeper and longer enduring snow- 
cover, the substratum is more moist, and the soil profile shows the 
effects of solifluction. This community often occurs on solifluction 
terraces. The gradients in environmental factors from the first to 
the fourth communities are increasing depth and duration of snow- 
cover associated with less exposure to wind, probably a later in- 
ception of growth in the spring, increasing soil moisture, and 
increasing likelihood of solifluction. Because of the lack of grazing 
by reindeer and the height of Cladonia alpestris in the Betula nana- 
Cladonia alpestris sociation, this lichen is commonly harvested for 
winter feed for cattle. When harvested too intensively, especially on 
dry sandy soil, succession is marked by the invasion of Stereo- 
caulon paschale which forms scattered mats with Betula nana 
growing in them. Because of the slow growth of lichens, a period 
of 35 years or more is required for the return of the original kind 
of vegetation. 

Stands belonging to different subtypes of the dwarf birch-heath- 
lichen community in the vicinity of Nome, Alaska, appear to have 
considerable permanence (Hanson, 1953). The Loiseleuria sub- 
type is characterized by a greater abundance of lichens, Loiseleuria 





CLIMAX IN ARCTIC AND ALPINE VEGETATION 161 


procumbens, Arctostaphylos alpina and Salix phlebophylla than 
the Vaccinium mixed subtype which has a greater abundance of 
mosses, Vaccinium uliginosum, V. vitis-idaea and Betula nana- 
exilis. The plants are denser and taller in the Vaccinium mixed 
subtype and the number of species is over 100 per cent greater 
than in the Loiseleuria subtype. The habitats differ greatly. The 
Loiseleuria habitat is characterized by shallow soil about five 
inches deep compared to approximately 20 inches in the Vac- 
cinium habitat. In the Loiseleuria habitat the slope is from 10 to 
15 per cent and the soil is more gravelly and rocky than in the 
Vaccinium habitat with a slope of five per cent or less so that 
runoff and erosion are greater in the Loiseleuria habitat. From 
1922 to 1950 there was apparently little change in the vegetation 
in the Loiseleuria subtype. 


Nordhagen’s (1943) sociation 4b, Betula nana-Empetrum- 
Cetraria nivalis, which occurs in the low alpine region and higher 
in the mountains in Norway, is very similar to the Vaccinium 
mixed type near Nome. The chief vascular species in the Nor- 


wegian sociation in order of importance are Betula nana, Empet- 
rum hermaphroditum, Festuca ovina, Vaccinium vitis-idaea and 
V. uliginosum. Loiseleuria is lacking. The lichen cover is some- 
what greater and the moss cover is less than in the Vaccinium 
mixed subtype as would be expected from the similarity in species 
composition. The physiognomy and habitats are similar. 


The Loiseleuria subtype of Nome shows much resemblance to 
Nordhagen’s (1928) Cetraria nivalis-Alectoria ochrolenca-reich 
Loiseleuria procumbens association found in various parts of 
Norway and Finnish Lapland. The chief vascular species in order 
of importance are Loiseleuria procumbens, Empetrum herma- 
phroditum, Arctostaphylos alpina, Vaccinium vitis-idaea and 
Betula nana. This association occurs chiefly in lower alpine areas 
on the dry slopes of moraines. The substratum is acid. Usually a 
thin snow cover prevails in winter, so it is subject to wind erosion. 
The physiognomy is very similar to that of the Loiseleuria subtype 
of Nome. 


The similarity of the two Nome communities and of their habi- 
tats to communities and habitats in Scandinavia indicates that they 
are well-defined or distinct units adapted to definite environmental 
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conditions. They fit into distinctive habitats which are widely dis- 
tributed in the arctic and northern alpine regions. 

Nordhagen (1955) pointed out the similarity of the Carex 
nardina and Kobresia myosuroides grass—heaths in northern Nor- 
way to communities in the Alps, Greenland, northern Canada and 
Alaska. Gjaerevoll (1954) found the name of the alliance, Kobre- 
sieto-Dryadion, in which these communities have been classified. 
as suitable in Alaska as in Scandinavia. Hanson (1953) pointed 
out similarities of a number of communities in northwestern Alaska 
to those in other arctic regions. 

Other similarities between widely separated communities have 
been noted by several other writers, among them, Hustich (1949) 
for Labrador and northern Scandinavia, Coombe and White 
(1951) for northern Norway, the Alps, England and Ireland, and 
DuRietz (1924, 1925a) and Nordhagen (1936, 1943) for various 
countries. A number of communities e.g., lichen-heath, moist al- 
pine tundra heath, lichen-rich heath-described by Porsild (1951) 
in the alpine zone in southeastern Yukon, Canada, show analogies 
to communities in Alaska and in the Canadian eastern Arctic. 

Sgrensen (1941) and Seidenfaden and S¢grensen (1937) named 
and characterized the vegetation of northeast Greenland into 22 
vegetation types, also called “ecosystems” by them. These com- 
munities form a pattern with respect to gradients of presence, areal 
extent and depth of snow-cover, amount of moisture in the sub- 
stratum, drainage, degree of solifluction, exposure to insolation, 
and other environmental factors. Some of these communities cover 
larger areas than others, some are minor in areal extent, and a 
few are apparently transitory. The Kobresia myosuroides (Elyna 
Bellardii) community, forming fairly dense, grass-like stands as 
in Scandinavia, occurs on dry slopes and terraces with little or no 
snow-cover, where it is exposed to the winter cold and wind; it 
is near one extreme. Dwarf shrub—heath is restricted to the inner 
sheltered areas at the heads of fidrds, where exposures to insola- 
tion are favorable and where drainage is good. Many of the 127 
species of vascular plants in the 22 communities have narrow 
ecological amplitudes, 44 being restricted to just one community. 
Only nine species were found in six to eight of the communities 
described in 1937. The variety of habitats and the differences in 
amplitudes and requirements of the species in this region make 
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possible a large variety of communities, so that community pat- 
terns can be formed which are well adjusted to environmental 
gradients. 

Polunin (1948), in his monograph on the botany of the Cana- 
dian eastern Arctic, described many communities, for instance, 
Dryas integrifolia barrens, Cassiope tetragona-heath, Vaccinium- 
heath, Betula-heath, Salix-scrub and lichen-heath. These com- 
munities form a pattern related to the invironmental gradients, 
they are apparently long-enduring, there is considerable homo- 
geneity within single stands, and there is much similarity between 
different stands of the same kind of community. For example, the 
Vaccinium—heath was found in northern and southern Baffin 
Land, on Devon Island, and on the west side of Hudson Bay. Most 
of the communities show a great deal of correspondence to those 
in similar habitats in Alaska. 

Wenner (1947), in a discussion of swamps in Labrador, indi- 
cated that even on a peneplain long enduring communities are 
present which are not mesophytic. Basin swamps are where new 
land is being formed, such as by the deposit of organic sediment 
in a basin; floating vegetation may appear. Paludification swamps 
are on land that is overgrown with Sphagnum which retains the 
moisture; Carex species and Ledum groenlandicum are also char- 
acteristic. These paludification swamps occur mostly on the upland 
of the peneplain, level ground, bottoms of valleys, and they may 
be on moderate slopes. Parallel peat strings may form, even on 
gentle slopes, which impound the water. Palsa swamps have long 
mounds sufficiently high above the Sphagnum surface so that 
the mounds are dry and covered with Cladonia on the drier por- 
tion. A band of Ericaceae occurs between the Cladonia and the 
Sphagnum areas. The swamps of the barren region are usually 
fens with species of Eriophorum, Carex and Scirpus, and deficient 
in Sphagnum. 

The snow-field pattern of vegetation in relation to environ- 
mental gradients is common in arctic and alpine regions. It has 
been presented in detail by several writers (Leach and Polunin, 
1932; Nordhagen, 1943; Gjaerevoll, 1950, 1952; Hedberg et al., 
1952). The environmental gradients are formed by variations in 
the depth of snow, duration of the snow cover, exposure to wind 
in the winter and summer, length of the growing season, amount 
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and duration of soil moisture above a given level of saturation, 
winter temperatures in the soil, air, and in the snow-cover. The 
common zonation in Scandinavia on lime-poor soil along the gra- 
dients from the exposed top of a ridge to the base of a slope is: 
(a) Empetrum hermaphroditum-Loiseleuria procumbens commu- 
nity, snow-cover very thin or lacking, exposed to strong winds; 
(b) Betula nana community, snow-cover thin, less wind; (c)Vac- 
cinium myrtillus community, complete snow-cover which melts 
relatively early; (d) Deschampsia flexuosa community, deep snow- 
cover that melts late; (c) Salix herbacea community, very deep 
snow-cover that melts very late; (f) cryptogam community, very 
deep snow-cover that melts very late or not at all some years. 
On lime-rich soil the common pattern of zonation is: (a) Kobresia 
myosuroides community, snow-cover very thin or lacking; (b) 
Dryas octopelta community, snow-cover thin; (c) Poa alpina com- 
munity, snow-cover deep; (d) Salix polaris community, snow- 
cover very thick, melts very late; (e) moss community, snow-cover 
very deep, extremely late in melting. The ecotones between the com- 
munities are often very sharp. Communities and zonation similar 
to the above have been noted in the Seward Peninsula north of 
Nome, Alaska, but have not been studied in detail (Hanson, 1953). 

Polunin (1934-35) described the well-marked zonation in late 
snow patches on Akpatok Island in the Ungava Bay by the fol- 
lowing six communities: (a) Dryas integrifolia community; formed 
the outermost zone; (b) Cassiope tetragona community, next in- 
side; followed by (c) Salix spp. community; (d) Salix herbacea- 
Polygonum viviparum, a late snow community; (e) Oxyria digyna 
community, almost bare of vegetation; (f) Grimmia apocarpa 
community, with a very sparse presence of vascular species. From 
the first to the sixth the mosses increased in abundance, lichens 
decreased. The pattern of the vegetation was caused by environ- 
mental gradients similar to those environmental gradients in the 
analogous vegetation in Scandinavia, namely, depth and duration 
of the snow cover, duration of exposure to winter winds and tem- 
peratures, length of growing season, amount and duration of soil 
moisture above a given quantity, etc. Polunin wrote: “The vegeta- 
tion of these late snow patches is so typical and on the whole so 
constant in its component species, that a single example was se- 
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lected for more intensive examination . . .,” this patch “bore 
vegetation exactly similar to another patch”. 

Gelting (1955) showed the relationship in northern Greenland 
of zones of Festuca rubra next to the sea, Dryas integrifolia, 
Cassiope tetragona, Vaccinium uliginosum and lichen—moss, the 
latter on rock fields, to gradients of depth and duration of snow 
cover, moisture conditions and depth of thawing. 

A gradient of salt concentration exists and a distribution of 
halophytic vegetation is adjusted to this salt gradient in arctic 
areas (Dobbs, 1939), On the Iceland coasts (Thoroddsen, 1914) 
the distribution is as follows: (a) on sandy beaches Cokile mari- 
tima, Helianthus peploides, Atriplex patula, Stenhammaria mari- 
tima, Potentilla anserina, etc.; (b) on low rocks are lichens such as 
Verrucosa maura and higher plants are Cochlearia officinalis, 
Plantago maritima, Glyceria distans, Armeria maritima, etc.; (c) 
on steep coast cliffs are Cochlearia officinalis, Rhodiola rosea, 
Silene maritima, Armeria maritima, Cerastium alpinum, etc.; and 
(d) in salt marshes are Glyceria maritima, Plantago maritima, 
Stellaria crassifolia, Triglochin maritima, Juncus bufonius, Eleo- 
charis uniglumis, etc. 

In the vicinity of Point Barrow, Alaska, Wiggins (1951) found 
by careful examination that there was some ecological sorting in 
polygonal areas of low relief from one to several decimeters to ap- 
proximately one meter. Some species, for example, Arctophila 
fulva, Alopecurus alpinus, Eriophorum angustifolium and E. 
Scheuchzeri, are restricted to the wet central pans or bottoms of 
ditches. Others, Carex aquatilis and Dupontia fisheri among them, 
are more abundant in these habitats as well as occurring on the 
sides of ditches and mounds. Species restricted to the slightly drier 
tops or sides, or to hummocks and ridges, are Luzula confusa, 
Papaver radicatum, Potentilla emarginata and Saxifraga foliolosa. 
The following are less selective in their microhabitats: Petasites 
frigidus, Poa arctica, Saxifraga cernua. The distinct microcommu- 
nities and microhabitats are repeated frequently within short dis- 
tances in the polygonal pattern. The differences in microhabitats 
are caused by variations in the depth to permafrost, the intensity 
of annual frost action, the amount of water on the surface, drainage 
conditions, nature of the substratum, depth of snow during the 
winter, and the exposure to wind. Faegri (1937) also observed 
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that even the smallest communities, containing only the commonest 
species, show through variation in their quantitative composition 
a remarkable faculty of reacting upon and indicating the ecologic 
qualities of the habitat. The arctic and alpine species have great 
sensitivity to environmental conditions and to competition. Wig- 
gins (1941) stated that “With such intricate patterns of inter- 
mingling and intrusions of different types of soils and soil materials 
occurring in the vicinity of Point Barrow, it is little wonder that 
the relationships between plants and the soils is virtually unknown 
Little work has been done on the soils in the active layer of this 
region by trained soil scientists. Extensive investigations in this 
field are imperative before reliable conclusions can be drawn con- 
cerning the soil-vegetation relationships in the Alaskan arctic”. 

The plateaus of Akpatok Island, according to Polunin (1934- 
35), are occupied mostly by stone polygons, generally two-point- 
five to five feet in diameter. The centers consist of compact, damp, 
clayey soil, rarely occupied by plants. The intervening areas are 
six to 12 inches wide, contain stones, are well drained, support 
vegetation consisting of Dryas integrifolia as the chief dominant, 
Salix arctica, two to three inches high, as much as one foot long, 
with as many as 25 annual rings, Carex misandra, up to one foot 
high, and the following: Saxifraga oppositifolia, S. aizoides, Draba 
spp., Cetraria nivalis, C. islandica and mosses. The center of the 
polygons with the fine soil and high water content is readily sub- 
ject to freezing, contraction and expansion. The stones in the bor- 
ders are rarely split by frost. He noted that the polygon system may 
be relatively stable and the “flatter areas of the plateau seem to 
have reached the relatively static stage of well-marked polygons 
further delimited by vegetation . . .”. The polygon area is asystem or 
complex of bare, dynamic areas with vegetated borders, of con- 
siderable stability as a whole under present climatic and other 
physical conditions. Each stone polygon presents a micropattern 
of populations from the vegetated border along sharp gradients in 
frost-action, soil moisture, soil aeration and other respects to the 
bare centers. 

Hanson (1950a) has discussed the vegetation and soil profiles 
in some solifluction areas in Alaska. In one area, parts of which 
were subject to solifluction, the alpine sedge community was satu- 
rated with water, and solifluction was indicated by the hummocky 
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and terraced surface. The chief species in the alpine sedge were 
Carex bigelowii, C. membranacea, Eriophorum vaginatum and 
mosses. An alpine Dryas-sedge community, not subject to soli- 
fluction, was only moderately moist; the chief species were Dryas 
octopetala, D. alaskensis, Carex misandra and C. bigelowii. On a 
large solifluction terrace which was representative the surface of 
the terrace above the scarp had an alpine sedge type of commu- 
nity. Portions of the alpine sedge turf broke off on the steep scarp. 
The solifluction terrace was over-running an alpine Dryas—sedge 
type of community. Accumulation of organic matter in an alpine 
Dryas-sedge community which would promote retention of water 
may permit the development of an alpine sedge community and 
the initiation of solifluction. On the lower portions of a slope, 
where the gradient is less, the terraces evidently move much 
slower, and a stable or near stable situation may develop. Where 
the movement down slope is very slow the lower part of the soli- 
fluction terrace and lobes apparently become stabilized by the 
luxuriant growth of sedges, heaths and willows (Hanson, 1950; 
Sigafoos and Hopkins, 1952). The vegetation associated with the 
various types of solifluction terraces have been discussed by sev- 
eral investigators (Frédin, 1918; Summerhayes and Elton, 1923, 
1928; Sgrensen, 1935; Seidenfaden and Sgrensen, 1937; Russell 
and Wellington, 1940; Oosting, 1948; Gjaerevoll, 1949; Wilson, 
1952; Taylor, 1955). 


Hopkins and Sigafoos (1951) reported that Eriophorum spis- 
sum, rooted in mineral soil, Betula nana-exilis and heath plants, 
whose roots may be confined to the upper six inches of Sphagnum 
and moss peat above the mineral soil, withstand considerable frost 
action. On Jan Mayen Island, Wilson (1952) found mosses and 
Koenigia islandica, the only annual on the island, colonizing water- 
logged, active centers of some polygons. The well-drained borders 
were covered with mats of Rhacomitrium lanuginosum and R. 
canescens. 


Species occurring exclusively or nearly so in areas of moving 
soil or on solifluction areas in Swedish Lapland, according to 
Selander (1950), are Carex bicolor, Luzula arctica, Sagina ca- 
espitosa, Draba crassifolia and Potentilla hyparctica. Carex micro- 
glochin and C. arctogena are especially characteristic of solifluc- 
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tion soil that is thoroughly saturated during the melting of the snow 
and dries later in the season. 

Roots of angiosperms play an important part in stabilization. 
According to Sigafoos and Hopkins (1952), the solifluction ter- 
races in Alaska move at a relatively slow rate, the front appearing 
to advance only a fraction of an inch in a year. “Lobate terraces”, 
however, may move as much as one to six inches per year on 
the wettest slopes, but even these have a complete cover of 
matted woody plants and grasses on the outer edge of the scarps. 
Frédin (1918), in an excellent early paper on the relation- 
ship between vegetation and solifluction in the alpine area of 
Swedish Lapland, noted that the distal part of the terrace be- 
comes well stabilized by the vegetation. Similarly in Alaska the 
luxuriant growth of sedges, heath plants and willows on the face 
or lower part of solifluction banks appear well stabilized (Hanson, 
1950a; Sigafoos and Hopkins, 1952). One of the communities in 
northeast Greenland described by Seidenfaden and S¢rensen 
(1937) is characteristically located on the moderately moist fronts 
of solifluction lobes. Grasses and sedge are predominate. Some 
species, including Draba fladnizensis and Carex capillaris, are 
restricted chiefly to this community. The downward movement of 
the soil is often checked and formation of a small terrace started 
by some species which are able to grow in such a habitat. Froden 
(1918), in Swedish Lapland, noted the importance of several 
species, particularly the liverwort, Anthelia nivalis, in this respect. 
Taylor (1955) described the invasion of the flowering plant, 
Azorella selago, in checking the downward movement of soil and 
the consequent formation of terraces on Macquarie Island in the 
Antarctic. Vaccinium myrtillus and other dwarf shrubs are in- 
tolerant of solifluction conditions in the Scandinavian Alpine 
(Selander, 1950; Nordhagen, 1943). The growth of most lichens 
is hampered by solifluction (Dahl, 1954), but a few kinds, es- 
pecially Solorina crocea, are able to invade such areas (Frédin, 
1918). Some species, such as Vaccinium uliginosum, can tolerate 
weak solifluction (Nordhagen, 1943; Hanson, 1950). 

Wilson (1952) found on Jan Mayen Island that Saxifraga op- 
positifolia and Salix herbacea are capable of growing on solifluc- 
tion terraces, their main roots or stems stretching taut and ex- 
tending from a meter or so back from the bank. On solifluction 





CLIMAX IN ARCTIC AND ALPINE VEGETATION 169 


areas the most favorable site of Sibbaldia procumbens, Salix her- 
bacea, Oxyria digyna, Saxifraga annua and Taraxacum spp. is 
where the downhill movement of the soil mass is folding vegeta- 
tion within the bank or scarp. This site is most favorable because of 
good snow accumulation, long enduring moisture and protection 
from wind. The soil movement is evidently slow enough so that 
species can adjust themselves to it. He also observed that moist 
soils may bear a too luxuriant vegetation to permit solifluction and 
that the vegetation may move with the soil in continuous terraces 
on steep slopes, from 25° to 30°. 

The adjustment of plants to movement of soil by frost action and 
by solifluction is of importance in any consideration of the climax 
concept. Frost action disrupts root systems of many plants and 
raises the substratum so it is more exposed to aeration, evapora- 
tion, wind erosion, etc. Species which are capable of rapid ad- 
justment, such as those able to establish themselves quickly by 
seed or vegetative growth, have pronounced advantages over less 
adaptable species. Oxyria digyna, of wide polar distribution, is 
very successful in this respect. It occurs commonly in the vicinity 
of Point Barrow, Alaska, on ground that is subject to frequent 
movement. According to Wiggins (1951), its “root system is able 
to adapt itself quickly to shifts in the surface and subsurface 
material. The taproot of this plant is often gnarled and twisted and 
shows evidence of having changed the direction of its growth a 
number of times during its life. Shoots arising from the main 
crown or from the deeper parts of the taproot usually grow up- 
ward diagonally and reach the surface several centimeters from 
the original crown. These offshoots in turn give rise to other 
branches, so the whole plant may be torn into a number of parts, 
each one of which is capable of independent establishment and 
growth with little or no interruption when movements of the soil 
occur”. = 

Several types of phasic cycles have been reported for arctic and 
alpine areas (Kihlman, 1890-92, vide Smith, 1921-25; Nordhagen, 
1928, 1943; Hanson, 1950a, 1951; Selander, 1950; Burges, 1951; 
Coombe and White, 1951; Wilson, 1951). One type of phasic 
cycle involving the building of peat into mounds has been described 
in dwarf shrub marshes in Scandinavia by Nordhagen (1943) and 
others, in Alaska by Hanson (1950a, 1951) and in Russian Lap- 
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land by Kihlman (1890, vide Smith, 1921-25). According to 
Kihlman, depressions are colonized by hepatics, mosses and ground 
lichens, such as Peltigera cana, P. aphthosa and Nephromium 
arcticum. In due time the depression is filled with mosses, Cladonia 
spp. and vascular species, which form a mound. As the mound ex- 
tends higher it is more and more exposed to strong winds which 
cause the death of non-resistant species. Other lichens, especially 
Lecanora tartarea, invade and cover the mound. The substratum 
collapses, L. tartarea breaks up, and the winds blow away the 
entire crumbling mass, forming another depression in which the 
building up process may be repeated. In the vicinity of Kotzebue, 
Alaska, Hanson (1950a) noted the importance of Sphagnum, 
dwarf heath shrubs, dwarf birch, sedges and a few grasses, as 
well as mosses and lichens in the formation of the peat mounds. 
The various microcommunities involved in this process form a 
pattern which is in conformity with the microhabitats. These dif- 
ferent parts of the community are subjected to conditions ranging 
from saturated soil or surface water and protection from wind at 
one end of the microgradient to a drier substratum and exposure 
to drying and tearing winds at the other end of the microgradient. 

An example of the high degree of complexity in a cyclic system 
in small areas of arctic and alpine vegetation has been described 
by Coombe and White (1951) on dolomite slopes in Altenfjord 
in Norwegian Lapland. At first it appeared that species of various 
requirements were scattered promiscuously, but after close study 
the vegetation was found to consist of five phases of development 
and degradation. All of these phases could be recognized within 
an area as small as 23 square meters. The five phases are as 
follows: 

Phase 1. “Pioneer” stage. Open vegetation, many calcicoles, 
Dryas octopetala and Carex rupestris with maximum vigor; also 
mosses, Arctostaphylos spp., Empetrum hermaphroditum, Vac- 
cinium uliginosum, etc. The last two are especially active in form- 
ing peat. On shallow mineral soil, pH usually 7.5 to 7.8. 

Phase 2. “Building” stage. Closed vegetation, dominants 
Dryas octopetala and Carex rupestris; many calcicoles have dis- 
appeared. On peat about five cm. thick, pH approximately 5.8. 

Phase 3. “Mature” stage. Closed vegetation, dominants are 
Empetrum hermaphroditum and Vaccinium uliginosum rooted in 
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mineral soil beneath the peat; calcifuge species such as Vaccinium 
myrtillus have disappeared. On peat 15 cm. or more thick, acid 
reaction. 

Phase 4. “Degenerate” stage. Floristically similar to the 
“Mature” stage but dominants are less vigorous and do not com- 
pletely cover the ground; Cladonia spp., heretofore inconspicuous, 
are abundant, this abundance is apparently associated with a de- 
cline in vigor of vascular species. On peat, acid reaction. The ex- 
posed peat has cracks and is easily eroded. 

Phase 5. “Degenerate stage. Peat erodes until mineral soil 
with pH from 7.5 to 7.8 is exposed; complete erosion of peat not 
halted by invading calcicoles. The first invaders are Draba incana, 
Dryas octopetala, Saxifraga oppositifolia, Festuca ovina and others. 
The various phases are repeated from site to site. 

Wilson (1951) described an interesting kind of cyclic change 
involving two stages of Rhacomitrium moss mats which cover large 
areas of Jan Mayen Island. A basidiomycete fungus formed con- 
centric rings of infestation in the moss mats which resembled 
“fairy rings”. Waves of infestation proceeded from the center 
outward, so that circles of green, living moss alternated with dead, 
brown moss. The area may appear fairly heterogeneous because 
of many centers of infestation causing waves in all directions. 
These concentric rings in moss communities were also noted by 
Oosting (1948b). This alternation of moss and fungus appears to 
be a process inherent in the Rhacomitrium community under the 
prevailingly several environmental conditions which do not permit 
directional change to proceed beyond the moss stage over large 
areas. 

A cyclic development of marshes has been reported by Fries 
(1913) in northern Sweden. This was evidently an intercommunity 
cycle. Above the limit of conifers the cyclic development of 
marshes begins by small lakes being choked up. Then progressive 
directional change takes place toward xerophilous heaths rich in 
lichens. Then regeneration of lakes occurs in wind-shaped erosion 
hollows. 

The changes mentioned in each of these cycles are sufficiently 
prominent so that in some cases the change from one phase to 
another could be considered as normal succession or in some cases 
as retrogression, unless an adequate investigation is made of all 
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changes. It is not only desirable but necessary to investigate such 
changes adequately so that cyclic changes and successional changes 
and retrogression changes can be differentiated. 

Reference has been made to examples of directional change in 
the preceding section, such as pioneer stages on mine dumps near 
Nome, Alaska (Porsild, 1939), and on muddy sea beaches. Tran- 
sitory communities of southwestern Swedish Lapland have been 
discussed by Selander (1950). The chief pioneer communities on 
soil left by melting snowfields and ice are the Phippsia algida and 
Carex rufina sociations. The chief species in the Phippsia algida 
sociation are P. algida, Sagina caespitosum, Saxifraga rivularis, 
S. foliolosa, Draba alpina, Pedicularis hirsuta, Carex rufina, Luzula 
confusa, Koenigia islandica and Ranunculus glacialis. 

Polunin (1955) emphasizes that some kinds of successional 
tendencies exist in real arctic vegetation where almost endless 
vegetational changes from spot to spot are present. Polunin (1936) 
reported probable successional sequences in Norwegian Lapland 
for a hydrosere, psammosere and lithosere. The hydrosere has 
eight stages, as follows: 

(1) Submerged aquatics on the margins of lakes and sluggish 
rivers with Ranunculus spp., aquatic mosses, Characeae and fila- 
mentous algae; in the shallower water on mud are Hippuris vul- 
garis and Myriophyllum sp. 

(2) Floating leaf plants, well-marked zone in less exposed 
sites, especially near edges of sluggish rivers. Potarmogeton spp. 
are most important, aquatic Ranunculi present. 

(3) Marginal amphibious, reed-swamp. In some lakes in 
the interior this may be the first stage. Chiefly Eriophorum spp., 
Carex spp., Equisetum spp., sometimes Menyanthes trifoliata, 
Sparganium spp. Builds the bottom up rapidly. 

(4) Tussock; Sphagna and other mosses. Hummock forma- 
tion. Can colonize wet mud or open water. This is the first stage 
that is essential and universal; first big step in drying of the habitat. 
Water does not rise by capillarity to top of hummocks. Regression, 
with lichens, may occur on tops of highest hummocks. 

(5) Ground shrubs. Andromeda polifolia and Rubus cha- 
maemorus are first to enter the hydric conditions, followed by 
Ledum palustre and Salix spp. The hummock is built up, it dries 
out, and the Sphagna become dead on top. 
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(6) Betula nana scrub with Salix spp. Eliminate the water— 
and light-demanding Andromeda and other ground shrubs. Thick 
tangle, usually two feet or less, limited oy depth of snow cover 
in winter. In valleys and depressions the Salix spp. may be domi- 
nant. 

(7) Damper type of birchwood. Betula odorata, alders, as- 
pens in favorable sites. Vaccinium uliginosum, herbs, grasses in 
ground layer. 

(8) Climax birch forest. Drier than 7. Covers most areas 
which are not too exposed. Ground layer varies; heath shrubs; 
Cladonia areas, tufts of herbs. 

The lithosere has eight stages as follows: 

(1) Blue-green algae, in moist places. 

(2) Crustaceous lichens, first on dry, exposed rock. 

(3) Foliose lichens. 

(4) Mosses and fruiticose lichens; may colonize directly. 
These, especially Cladonia spp. and Stereocaulon paschale, pro- 
duce habitat suitable for higher plants. 

(5) Herbs and grass, especially Festuca ovina. 

(6) Xeric ground shrubs, especially Empetrum. May extend 
quickly over a bare rock surface, forming peat. Arctostaphylos 
in most exposed sites. 

(7) Later shrub stage. Juniperus, Betula nana, Salix lap- 
ponum, S. lanata. j 

(8) Climax birch forest. 

Another example might be taken from thé work of Hopkins 
and Sigafoos (1951) who have described the results of frost 
action on the Seward Peninsula, Alaska, in forming frost scars, 
peat rings, tussock rings and tussock-birch-heath polygons. Erio- 
phorum angustifolium is the first invader in frost scars in sedge 
marsh. Invasion is favored on the edge of the scar where frost 
action is less intense. Invasion may be prevented in the center of 
the scar by annual frost action. In peat rings the margin of the 
ring may be 36 inches high and four feet wide with vegetation 
similar to that of the surrounding marsh; most of the central part 
remains bare because of annual frost action. In spite of frost 
thrusts into the border, the vegetation remains stabilized. Tussock 
rings, consisting of closely grouped plants of Eriophorum spissum, 
arise in a similar way, with center mostly bare or with a few in- 
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dividuals of E. angustifolium. E. spissum grows well on the mar- 
gins and is tolerant of frost action beneath the tussocks. In the 
tussock-birch-heath polygons, E. spisswm grows on the silty centers 
where it is subject to the effects of frost action from below. The 
vegetation surrounding these polygon centers consists of dwarf 
birch, heath shrub and Sphagnum, growing in a thick layer of peat 
Mineral soil has been thrust into the peat in places. The polygonal 
or striped network pattern is common on relatively dry uplands 
and interfluves on hills. The authors state that this pattern in 
most areas “appears to be very old and in equilibrium with the 
present environment”, and that formation of new scars and conse- 
quent colonization continue. 

Palmer and Rouse (1945) have reported the results of second- 
ary succession in clip quadrats located on reindeer range in Alaska. 
Lindsey (1952) has reported a community sequence on ancient 
beaches above Great Bear and Great Slave Lakes, Canada. He 
considered that none of the sequence had yet reached a climax 
stage. 


A directional change of a regression nature may occur in arctic 
and alpine areas. Braun-Blanquet (1932) cited an example of 
abrupt change in the sequence on the Flahult moor near JOnk6ping, 
Sweden. The moor was formerly forested, then the forest was 
burned. According to Andersson and Hesselman (1910), a three 
meter-thick layer of Sphagnum tormed over the mineral soil, re- 
sulting in a high moor with low shrubs and isolated, distorted pines. 


Paludification swamps in Labrador have already been discussed 
(Wenner, 1947). The land becomes overgrown with plants, e.g., 
Sphagnum, which retain moisture. This occurs principally on filled 
up lakes and other level land, such as on the peneplain upland 
and in the bottoms of valleys. Parallel peat strings may also form 
on slopes and dam up water. Andromeda polifolia and Rubus 
chamaemorus are then found in the Sphagnum cover. Zach (1950) 
has discussed the change from forest to muskeg in Alaska, and he 
raised the question as to whether the muskeg, characterized by 
greater moisture and lesser life forms, should be considered as 
climax. 


It has already been mentioned that evidently no extensive studies 
of community variations and environmental fluctuations have been 
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made in arctic and alpine areas. Some indication is given by the 
study of Ellison (1954). 

With respect to the rate of change, a statement by Selander 
(1950) is appropriate. He stated that “the climax communities 
of the Fennoscandinavian Mountains have remained essentially 
unchanged” for about the past 2,600 years because there has been 
no major change in the climate. He stated that stable climax com- 
munities in untouched wilderness regions are the rule rather than 
the exception. By climax communities he meant, in agreement with 
both Gleason (1927) and DuRietz (1930), and also closely with 
Liidi (1930), communities which “represent time-phases of great 
stability, in which we cannot observe the action of the successional 
causes and for which we cannot predict the future” (Gleason, 
1927.) Even communities where the areas of bare ground exceed 
those occupied by plants, such as certain alpine, half-open grass 
heaths, may be considered in a state of equilibrium, unless they 
have been disturbed (Selander, 1950; Porsild, 1932). 

Environmental gradients are present in arctic and alpine areas. 
The patterns of long enduring envoronmental gradients occur with 
respect to the presence, areal extent, depth and duration of snow- 
cover, exposure to wind, especially during winter, soil moisture, 
drainage, nature of substratum, exposure to insolation, occurrence 
and degree of soil movement, freezing action, and in some cases 
the presence of salt. At times very careful analysis is required to 
determine the presence and nature of the gradients. The patterns 
of different communities can be recognized in relation to the en- 
vironmental gradients and are formed especially by populations 
of the more sensitive species. In order to have only one type of 
community over an infinite area it would be necessary to have a 
non-gradient environment over the entire area. A non-gradient 
environment is not attained, since geomorphic processes are opera- 
ing continuously but slowly, a peneplain probably rarely, if ever, 
is attained, and a peneplain is not non-gradient environment. In 
geological time, the gradients change in actual position, usually 
not at a rate perceptible during the span of field study by one in- 
dividual. With this change in position the types of gradients will 
usually remain essentially the same, for example, the shift of snow 
patches or the increase in size of snow patches. It is conceivable 
that an environmental condition at one end or the other of the 





176 THE BOTANICAL REVIEW 


gradient might be eliminated. However, if the gradients present 
at this time have reached the steady-state, then for a significant 
period of time the pattern of gradients and their associated com- 
munities will remain essentially the same, even though the actual 
disposition may change to some indeterminate degree. It is ques- 
tionable that a change in position, but not of pattern, of environ- 
mental gradients and associated plant communities is sufficient 
justification for rejection of the climex concept. 

The communities on the long enduring gradients apparently have 
a high degree of stability and organization. The principal species 
in each kind of community are well adjusted to the reactions of 
one another, such as shading and accumulation of organic matter. 
Similar communities and similar patterns of communities are pres- 
ent in widely separated areas where environmental conditions are 
similar. As long as environmental conditions remain substantially 
the same, the communities appear to undergo no significant change. 
Such changes that do occur seem to be fluctuations about a mean, 
rather than direc:‘onal. These long enduring communities have 
the attributes of climax communities and fit well into a climax 
pattern along environmental gradients. 

The presence of phasic cycles may be the cause or one of the 
causes of differences of opinion as to the applicability of a climax 
concept to arctic and alpine areas, especially if the investigator 
does not realize he is dealing with a phasic cycle. The apparent 
lack of stability between individual phases may contribute to this 
opinion, especially when a downgrade change or regression is 
taking place and is prominent. However, if the phasic cycle is 
analyzed as a whole, it may fulfill the criteria of the climax. Then 
the change in the phasic cycle would be considered as being opera- 
tive within the framework of the climax. If the upgrade phases, 
inclusive of the most complex phase, are predominant in the area 
and give the community its aspect, then it is conceivable that 
the vegetation might be interpreted as a successional stage. If, 
on the other hand, the downgrade phases are predominant, it is 
conceivable that the vegetation might be interpreted as a retrogres- 
sion stage. The latter error is especially serious bcause it may lead 
to the conclusion that a climax concept is not applicable. There 
is a possibility that the work of Hopkins and Sigafoos (1951) 
with respect to the results of frost action may in reality be con- 
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cerned with phasic cycles, with the initiation of phases caused by 
frost action. 

The change from one phase to another is certainly directional 
in detail, whether it is a progression or a regression. There is a 
change in the habitat, species present, abundance, life form, etc. 
However, considered as repetitive cycles, there is no directional 
change. The cycle as a whole might even be considered as being 
within the criteria limits of the steady-state, even though a single 
phase might not meet such criteria. A long term study of the phasic 
cycle would probably reveal that as a whole any overall changes 
would take on the qualities of a fluctuation change instead of the 
radical changes which are so prominent between two succeeding 
phases when examined in detail. Any change in habitat is within 
circumscribed limits. The pattern of microcommunities and poula- 
tions is related to the pattern of mesogradients and of micro- 
gradients of the habitat. It seems that it is just as valid to consider 
phasic cycle changes and stages as legitimate processes and parts of 
the climax steady-state as the changes and stages following the 
death of an occasional tree in the forest or the death of parts of 
grasses such as clumps of Bouteloua gracilis in the Great Plains. 
The phasic cycle type of change could be accepted within the 
framework of a climax concept. 

Community alternation or community cyclic change, rather 
than microcommunity alternation or cyclic change, could certainly 
be a source of disagreement with respect to the application of 
the climax concept to the arctic and alpine areas. Cyclic changes 
of communities have been described by Fries (1913) for northern 
Sweden and, according to Whittaker (1953), by Paczoski (1917) 
and Blake (1938) for non-arctic areas. The disagreement un- 
doubtedly would be based on the apparent lack of stability of each 
phasic community and of the cycle as a whole. The downgrade 
phase or phases would be especially important in such lack of 
agreement. If such a cycle is analyzed as a whole, the changes may 
satisfy the climax criteria to an adequate degree. 

The change from community to community in place, even though 
phasic, would be readily confused with a directional change which 
would be successional, if an upgrade change, and retrogression, if a 
downgrade change. This change might proceed horizontally in 
lieu of being exclusively in place. The confusion with succession 
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and retrogression would be easy because of the changes of habitat, 
species, abundance, etc. In spite of this possible confusion it 
would be especially important to differentiate a community cyclic 
change and non-cyclic directional change. The change from one 
community phase to the next community phase of the cycle would 
probably operate similar to a replacement change. This might 
then be easily confused with a replacement phase cyclic change. 
In fact, during part of the community-to-community change it 
might be very difficult to differentiate from a replacement phasic 
cycle. Fluctuation changes within the community cyclic change 
would be expected so that a degree of variation would be expected 
of the habitat, species and populations, each between the succes- 
sive times a given type of community occupies the area. When the 
cycle is analyzed as a whole it would be found that changes are 
within circumscribed limits which satisfy the criteria of a climax, in 
spite of the conspicuous changes between phases. 

Directional change has been discussed, using the terms “progres- 
sion,” for a change to the more complex, and “regression”, for a 
change to the less complex. These directional changes correspond 
to succession and retrogression, respectively. At first sight it would 
seem that directional changes would offer no area of non- 
agreement with respect to the applicability of the climax concept 
to arctic and alpine areas. Generally, if a directional change is 
taking place, the community under consideration does not satisfy 
the criteria for a climax. However, it is conceivable that areas of 
confusion and non-agreement may arise. A near terminal stage in 
a succession may have been reached. The rate of change over of a 
near terminal stage to the terminal stage could be very slow. Un- 
doubtedly the rate would be much slower than in earlier stages 
of succession. This rate might be so slow that it would not be 
perceptible during the study span of one investigator. Futher- 
more, this near terminal stage might have many or an adequate 
number of attributes of a climax for rating as climax. Such an error 
should probably not be considered as of great consequence. 

Fluctuation change or variation change generally would not be 
an area of disagreement. Interpretation of fluctuations of small 
magnitude would undoubtedly not cause disagreement. Griggs 
(1934) and Raup (1941) consider that arctic vegetation is in a 
state of flux, that is, not in equilibrium with the environment, thus 





CLIMAX IN ARCTIC AND ALPINE VEGETATION 179 


not within the framework of the steady-state. This is indicative that 
fluctuations of relatively great magnitude could easily cause lack of 
agreement with respect to the applicability of a climax concept. 

Fluctuations, if of sufficient magnitude to be detected and an- 
alyzed, are probably first manifest in a microcommunity by a re- 
placement change. For a particular type of climax community a 
certain mangitude of fluctuation change could be expected. The 
magnitude of fluctuation would be characteristic of the respective 
community and would be within the framework of the steady-state. 
Some lack of agreement might arise with respect to the magnitude 
of change which would be acceptable within a fluctuation change. 

A fluctuation change of relatively great magnitude in a com- 
munty might be confused with a phasic cycle replacement change 
which is not characteristic of the particular community. This might 
be considered in some respects as an error which is not significant 
in that the change is still considered within the framework of a 
climax concept. Very intensive study over a long period of time 
might be required to differentiate these changes. However, mis- 
identification of fluctuation, non-cyclic change and of cyclic re- 
placement change could be a significant error in some cases. 

Fluctuation change is not exclusive to the climax type of com- 
munity. Such a change would be expected of successional stages 
too. The magnitude of fluctuation would probably be greater in the 
successional or less complex stages than in the near terminal 
stages and the terminal stage. Magnitude of fluctuation of course 
could not be used as a criterion of a succession stage vs. a climax 
type. In one type of site the magnitude of fluctuation of a climax 
type could conceivably be greater than the magnitude of fluctua- 
tion of a successional stage on another type of site. 

The steady-state communities making up patterns correspond- 
ing to the patterns of long enduring environmental gradients are 
considered as climax. Such changes as do occur in these com- 
munities are regarded as being within the framework of the climax. 


SUMMARY 


There are major areas of disagreement with respect to the ap- 
plicability of climax and successional concepts to any area, more 
especially to arctic and alpine areas. The principal reason is con- 
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cerned with the apparent instability of the environment and the 
vegetation. 

Changes are characteristic of all vegetation, including long en- 
during steady-state communities. An analysis of change in arctic 
and alpine communities with respect to climax and successional 
concepts may contribute to a clarification of disagreements. 

Environmental change in space is generally along macro-, meso-, 
and microgradients, resulting in repetitious patterns of gradients 
which are determined by numerous factors, such as precipitation, 
temperature, soil moisture and other soil characteristics, soil move- 
ment, snowbeds, wind, fire and microrelief. The vegetation is in 
dynamic adjustment to the environment and is manifest as a com- 
plex pattern determined by the pattern of environmental gradients. 

Determination of the nature of change sequences and of changes 
within steady-state communities may be made by delineating the 
entities or sociological units and analysis of these communities. 
The entity may be a community of American plant ecology, socia- 
tion of Scandinavia plant sociology, population on the respective 
position of an environmental gradient, or an arbitrary unit, the 
same in the arctic and alpine regions as in other regions. Long 
term studies are desirable to determine the nature and magnitude 
of changes. 

The types of changes which are of concern are: (a) non-cyclic 
replacement, (b) phasic cycle replacement, (c) intercommunity 
cycle, (d) directional which may be successional, deflected, re- 
versible or retrogressional, (e) fluctuation, and (/) in space. 
These types of change are discussed and examples are cited. 

Relatively little is known concerning the rate of change for each 
type of change in arctic and alpine areas. 

Change is characteristic of even steady-state communities. 

The criteria of a climax community, even though subjective, 
are for the purpose of differentiating between a climax and a suc- 
cessional community. The composition and population of climax 
type communities is determined by all environmental factors. 

The monoclimax, polyclimax and population pattern climax 
concepts are reviewed and compared. The status assigned to a 
steady-state community is dependent upon the climax concept 
applied. 

Successional concepts are reviewed briefly. 
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The climax and successional concepts adopted by the investi- 
gator determine his interpretation of changes which occur in a 
community and between communities. 

The Clementsian, Braun-Blanquet and Scandinavian classifica- 
tion systems are reviewed and compared, especially with respect 
to climax and succession. 

A number of arctic and alpine studies are reviewed with refer- 
ence to changes and to the applicability of climax and succession 
concepts. 

Patterns of long-enduring environmental gradients occur with 
respect to factors characteristic of and peculiar to arctic and alpine 
areas. The gradients are on macro-, meso- and microscales. The 
communities on these gradients are long enduring, steady-state 
communities. Similar communities and similar patterns of com- 
munities occur in widely separated areas where environments are 
similar. Such changes as do occur in these communities are within 
the framework of a climax. 

The changes in the phasic cycles are considered to be operative 
within the framework of the climax, in spite of the apparent lack 
of stability in downgrade phases. 

Intercommunity cycles are regarded as within the framework of 
the climax. Such cycles could be easily confused with successional 
and retrogressional changes. 

There are directional changes, both successional and retrogres- 
sional, in arctic and alpine areas. 

Relatively little is known concerning fluctuation changes in 
arctic and alpine areas. Differentiation from other types of change 
might be difficult. 

The steady-state communities in arctic and alpine areas which 
make up the patterns corresponding to the patterns of environ- 
mental gradients are considered as climax. Such changes as do 
occur in these communities are considered as being within the 
framework of the climax. 
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